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Foe  eighteen  years  the  author  has  found  himaelf  confronted  by 
large  elementary  classes  in'  chemiBtry.  Some  Btudenta  have  had 
high  school  preparation  in  chemistry  while  others  have  not.  Though 
the  types  of  students  are  kept  in  separate  classes  the  ground  covered 
must  be  essentially  the  same.  In  both  groups  there  are  many 
students  beginning  the  study  as  a  life  task.  More  of  them  desire 
ehemistry  as  a  tool  to  be  used  in  the  various  professions  in  which 
they  hope  to  engage;  others  wish  to  have  the  course  as  a  comple* 
ment  to  a  liberal  education;  still  others,  alas,  do  not  wish  it  at  all 
but  have  to  take  it.  The  course  outlined  in  the  following  pages  is 
the  result  of  an  effort  to  provide  something  of  value  to  all  these 
students.  The  time  required  adequately  to  cover  the  ground  is  a 
three-hour  lecture  course  for  one  year,  for  students  with  high-school 
chemistry,  and  a  year  and  a  half  for  those  not  so  prepared.  How 
weU  the  task  has  been  done  only  others  may  say. 

The  following  points  should  be  kept  in  mind:  the  text  should 
present  accurate  and  extensive  information;  it  should  present  this 
information  in  strictly  scientific  form;  observation  of  facts  and 
classification  should  precede  generalization;  the  need  for  hypotheses 
should  be  felt  before  they  are  offered,  and  when  presented  their  pur- 
poses and  limitations  should  be  clearly  shown;  the  theories  of 
science  should  be  presented  as  such  and  not  as  established  truths, 
and  should  be  justified  only  so  far  as  the  facts  permit  and  their 
utiUty  warrants,  and  this  method  should  be  consistently  used.  The 
desire  for  accurate  and  precise  information  should  not  lead  the  in- 
structor to  ignore  the  general  continuity  of  natural  phenomena; 
the  course  should  widen  in  scope  and,  in  a  sense,  increase  in  difficulty 
as  the  subject  is  developed.  With  a  mixed  body  of  students  the 
text  should  demand  a  minimum  degree  of  application  to  study  on 
the  part  of  all  students  and  should  provide  an  outlet  (or  the  activi* 
ties  of  the  most  industrious;  the  course  should  provide  a  survey  of 
the  whole  field  of  chemistry  and  in  such  form  that  as  little  as  may 
be  will  have  to  be  *' unlearned"  in  subsequent  courses;  finally,  the 
course  should  be  human  and  show  sufficient  points  of  contact  with 
the  other  activities  of  the  student  as  to  make  evident  that  chemistry 
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18  a  vital  factor  in  the  life  of  every  one  and  a  portion  of  the  much 
wider  field  of  science. 

Whether  the  text  meets  these  needs  in  a  satisfactory  nmnner  is 
more  than  doubtful,  but  at  least  the  attempt  to  accomplish  this 
end  has  been  made.  The  subject  matter  has  been  carefully  arranged 
and  forward  references  are  frequently  given,  not  only  for  the  sake 
of  zealous  students  but  also  to  show  the  need  for  things  not  yet  pre- 
sented. Back  references  are  also  given  both  for  emphasis  and 
review,  and  also  to  promote  the  recognition  of  the  relationship  of 
topics.  Citations  of  books,  magazines,  and  journals  are  made  not 
only  for  their  own  sake  but  to  widen  the  bori^n  of  the  student. 
So  far  as  possible,  the  historical  order  of  presentation  is  followed 
and  some  special  emphasis  placed  on  this  phase  of  the  subject.  The 
hypothetical  phases  have  been  aegregated  and  expressed  as  such 
and  as  clearly  as  possible.  The  laws  are  stated  as  simply  as  possible 
while  yet  keeping  them  free  from  dogmatic  assertion.  So  far  as 
limitations  of  space  permit  the  connection  between  chemical  topics 
and  human  activities  of  other  sorts  is  pointed  out.  Special  care 
has  been  taken  to  emphasize  the  relationship  between  chemical 
energy  and  the  other  forma  of  ener^.  In  attempting  these  things 
it  is  hoped  that  the  development  of  the  subject  is  sufficiently  gradual 
that  no  fairly  industrious  student  with  average  ability  need  be  led 
into  a  "Slough  of  Despond." 

The  material  contained  in  the  text  has  been  secured  from  any 
available  source  and  no  claim  is  made  for  any  special  ownership  in 
it.  Were  it  possible  to  do  so  it  would  be  a  pleasure  to  credit  every 
source.  The  experienced  reader  will  undoubtedly  note  the  influence 
of  Alexander  Smith  upon  the  general  character  of  the  text.  This  is 
due  not  only  to  admiration  for  the  teaching  method  of  Dr.  Smith, 
but  also  to  the  fact  that  the  General  Inoi^anic  Chemistry  has  been 
used  by  the  author  as  a  text  for  many  years,  Mellor's  Modem 
Inorganic  Chemistry  has  also  proved  a  **very  present  help  in 
trouble.'*  The  author,  however,  believes  himself  free  from  plagi* 
arism  and  yet  freely  acknowledges  his  indebtedness  to  otheiis.  He 
also  owes  a  debt  of  gratitude  to  his  wife,  Dr.  H.  L.  Trumbull, 
Dr.  R.  E.  Rose,  and  Dr.  F.  H*  Heath  for  helpful  criticism  and  proof 
reading  and  to  Mr.  W.  R,  Gailey  for  the  drawings  from  which  the 
cuts  are  made. 
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CHAPTER  I 
nfTROBUCTIOH 


Science  and  the  Relation  betteeen  the  Sciences,  —  In  the 

process  of  galDing  knowledge  the  student  is  confronted  by  an  enor- 
mous number  and  variety  of  phenomena.  If  this  mass  of  material 
is  to  be  rendered  useful  it  must  be  sorted  and  arranged  in  some 
manner  so  that  the  knowledge  one  possesses  may  be  available  at 
the  proper  time  and  for  the  purpose  in  hand.  It  is  the  function  of 
Science  to  supply  this  need.  Scieace  may  be  de&ned  as  knowledge, 
gained  by  observation,  experiment  and  reasoning,  coordinated, 
arranged  and  systematized  according  to  definite  plans.  It  may  con- 
cern itself  with  any  subject*  A  collection  of  facts  does  not  repre- 
sent science  unless  such  collection  is  systematized.  The  mass  of 
such  systematized  knowledge  is  so  great  that  it  is  customary  to 
subdivide  it  into  a  number  of  parts  each  of  which  is  called  a  Science. 
This  subdivision  of  science  is  only  for  convenience  and  it  has  been 
found  impossible  to  separate  it  into  wholly  independent  parts. 
It  is  important  to  know  and  to  remember  that  no  one  can  gain 
control  of  any  one  science  without  considerable  knowledge  of  sev- 
eral other  sciences.  There  are  two  general  types  of  sciences,  abstract 
and  concrete.  The  abstract  sciences  deal  mainly  with  forms  of 
abstract  reasoning.  Concrete  sciences  deal  mainly  with  matter 
and  the  changes  which  it  undergoes  and  may  undergo.  This 
division  is  whoUy  arbitrary  and  does  not  exist  in  the  subjects 
themselves.  Thus  mathematics,  which  is  ^sentially  abstract  in 
that  it  deals  with  principles  which  exist  without  reference  to  any 
particular  object,  nevertheless  also  deals  with  real  matter  and  its 
applications  are  frequently  concrete.  On  the  other  hand,  physi- 
ology which  is  essentially  concrete  in  that  it  deals  with  the  structure 
and  functions  of  plants  and  animals  also  deals  with  principles  and 
ideas  which  are  not  dependent  upon  any  particular  body.    We 
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find  also  certain  sciences  in  which  the  abstract  and  concrete 

f,  tures  are  so  mingled  as  to  render  even  this  rough  division  diffic 
An  example  of  such  a  science  is  psychology. 
The  great  body  of  knowledge,  Natural  Sciencei  is  for  convenie 
of  study  frequently  divided  into  the  following  groups  of  scieno 


Fli^ikalniaiicM. 

Bblocicsl  teiAfiocs. 

Pi^yebolocM*t  aeienoei. 

Phy«ic« 

ChemUtry 

Geology 

Astronomy 

Botany 
Zoology 
Bacteriology 

Psychology 

Sociology 
EconotDics 
History 
Language 

Each  member  of  these  groups  embraces,  as  its  chief  concern, 
facts  connected  with  one  phase  of  nature  but  not  these  exclusivi 
The  subjects  merge  into  one  another  and  are  to  a  degree  coex- 
tensive. For  example,  zoology,  which  concerns  itself  chiefly  with 
animals,  also  includes  topics  which  belong  to  the  sciences  of  botany, 
chemistry,  physics,  and  geology.  It  is  impossible  therefore  to  de- 
fine accurately  the  boundaries  of  any  one  science.  It  is  perhaps 
unfortunate,  from  the  standpoint  of  convenience  of  study,  that  we 
cannot  subdivide  nature  into  small  mutually-exclusive  sections,  the 
facts  concerning  which  might  be  tabulated  and  pigeonholed  in  a 
perfectly  orderly  manner.  Nature  is  not  discontinuous  and  each 
phase  merges  imperceptibly  into  some  other  phase  or  phases. 
It  is  certainly  unfortunate  in  view  of  this  fact  that  scientific  study 
of  the  several  branches  is  so  exclusively  pursued  that  the  student 
is  likely  to  forget,  or  even  never  learn,  that  there  is  a  parent  stem, 
nature  in  general,  which  deserves  attention.  One  of  the  above 
branches  of  science  is  chemistry.  This  science  deals,  in  the  main, 
with  the  properties  and  composition  of  matter  and  with  changes 
produced  by  various  agencies  under  diverse  conditions.  Th 
knowledge  of  the  chcmiatry  of  sugar  would  include  such  points 
its  color,  taste,  and  specific  weight,  whether  it  is  a  simple  or  complex 
substance,  what  will  happen  to  it  when  heated,  alone  or  with  other 
fiubstanees,  and  many  like  topics.  A  knowledge  of  the  chemistry 
of  water  would  include  the  properties  by  means  of  which  it  may 
be  described,  whether  it  is  a  simple  or  a  complex  substance, 
what  happens  when  it  comes  in  contact  with  other  substances, 
what  effects  are  produced  upon  it  by  heat,  etc.  The  subject  is 
vast  und,  like   science  in  general,  may  be  subdivided  when 
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advantage  is  gained  by  80  doiDg.  We  have  as  examples  of  com- 
monly recognized  subdivisions,  General  Chemistry,  Organic  Chem- 
istry, Physiological  Chemistry,  Analytical  Chemistry,  Physical 
Chemistry,  etc.  Each  of  these  has  its  special  province,  though  not 
independent,  and  for  convenience  each  may  be  studied  or  developed 
as  a  separate  subject.  General  Chemistry^  which  is  the  special 
topic  of  the  present  discussion,  is  itself  frequently  divided  into 
descriptive  and  experimental  chemistry.  We  shall  endeavor  so 
to  combine  both  as  to  furnish  a  comprehensive  view  of  chemistry^ 
what  it  is,  what  principles  are  followed  in  the  classification  of  its 
facts,  how  the  fact«  were  learned,  and  also  what  hypotheses  have 
served  in  the  development  of  the  subject.  In  addition  we  shall 
attempt  to  show  its  relation  to  daily  life  and  .its  points  of  contact 
with  other  subjects. 


Elements.  —  Matter  is  a  term  used  to  describe  anything  which 
occupies  space  and  possesses  the  property  of  weight.  As  we  en* 
counter  it  there  seem  to  be  an  infinite,  or  at  least  a  very  indefinitely 
large  number  of  sorts.  In  our  study  of  the  composition  of  matter 
it  is  our  first  business  to  see  whether  any  simple  method  can  be 
arrived  at  by  means  of  which  the  great  variety  of  kinds  of  matter 
can  be  brought  into  simple  relations  with  each  other.  This  can 
be  done  if  we  can  but  find  a  Umited  number  of  simple  forms  of 
matter  out  of  which  the  others  are  made.  In  the  past  many  efforts 
have  been  made  to  accomplish  this.  One  of  the  most  famous  of 
these  was  made  by  the  early  Greeks  and  found  expression  through 
Aristotle.     He  supposed  all  matter  to  be  made  up  of  varying  de^ 

Igrees  of  the  properties  of  moistness,  dryness,  heat  and  cold.     These 
properties  found  fullest  expression  in  water,  earth,  fire  and  air  and 
hence  these  are  called  the  Aristotelian  elements  and  the  use  of  the 
words  in  the  sense  of  elements  finds  frequent  expression  in  literatm'e 
even  at  present.     Another  effort  of  the  same  kind  was  made  by  the 
Rlchemists.     The  alchemists   were  men   who,   during  the  Middle 
Ages,  sought  information  concerning  matter  mainly  for  the  purpose 
of  learning  how  to  make  gold  from  less  valuable  metals.     They 
^-supposed  all  the  varieties  of  matter  to  be  made  of  different  propor- 
^ktions  of  salt,  sulfur  and  mercury.     It  is  probable  that  they  meant  by 
^  these  terms  not  the  substances  themselves  but  rather  the  peculiar 
properties  represented  by  them.     In  any  event  neither  of  these 
suppositions  has  proved  a  satisfactory  basis  upon  which  to  classify 
rthe  various  forms  of  matter. 
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When  the  problem  was  attacked  experimentally  a  different 
Bolution  of  it  was  reached*  The  method  may  be  illustrated 
foUowfl:  Suppose  we  have  before  us  three  quite  different  Bub* 
stances,  charcoal,  water  and  sugar.  By  heating  the  sugar  we  are 
able  to  separate  it  into  water  and  charcoal,  and  therefore  so  far  aa 
this  experiment  is  concerned  it  seems  that  sugar  is  composed  of  two 
simpler  forms  of  matter.  Again,  it  is  possible  to  show  experiment 
tally^  though  the  operation  is  somewhat  more  complex,  that  the 
substances,  iron,  sulfur,  iron  pyrites  and  iron  sulfide  present  but 
two  simple  forms  of  matter,  iron  and  sulfur,  and  that  the*  pyriteft- 
and  sulfide  yield  iron  and  sulfur  when  separated.  Also  it  is  I^H 
sible  to  show  that  the  conunon  substances  alcohol,  ether,  fonmuni 
hyde,  sugar  and  many  others  can  be  divided  so  as  to  produce  carbon, 
hydrogen  and  oxygen  and  that  no  other  things  enter  into  their 
composition.  It  may  be  shown,,  however,  by  further  investigation 
that  these  simpler  forms  have  never  been  broken  down  or  in  any 
way  shown  to  be  made  up  of  other  fonns  of  matter.  In  this  manner 
scientists  have  shown  that  all  the  multitude  of  known  substances, 
BO  far  investigated,  are  either  simple  forms  of  matter  or  are  made  up 
of  a  limited  number  of  simple  forms.  The  forms  of  matter  not 
yet  shown  to  be  complex  are  called  elements  and  the  total  number 
known  at  present  is  about  ninety.  The  list  is  given  on  the  inside 
back  cover  of  this  volume.  It  is  to  be  understood  that  the  list  is 
incomplete.  Some  forms  which  we  now  consider  simple  may  be 
shown  to  be  complex  and  the  constituents  may  be  new  elements  or 
ones  already  known  and  so  the  list  may  be  increased  or  diminished. 
It  is  also  probable  that  new  elements  remain  to  be  discovered. 
It  is  not  to  be  supposed  that  this  view  of  the  elementary  composition 
of  matter  was  the  product  of  one  mind  or  that  any  one  person  de- 
veloped the  complete  list  of  the  elements.  Both  are  a  product  of 
growth  through  centuries  from  the  time  of  Robert  Boyle  (1678) 
to  the  present.  It  is  to  Lavoisier  (1789)  that  we  owe  the  clear 
statement  that  an  element  is  a  substance  not  yet  shown  to  be 
complex*  This  ^^ew  has  been  the  guide  which  has  led  to  the  de- 
velopment of  our  present  list,  (More  modern  views  are  modi- 
fications of  that  of  Lavoisier,  <rf.  Chapter  XXXVI.) 

The  elements  may  be  considered  as  the  component  parts  of  all 
known  substances  in  much  the  same  manner  as  the  letters  of  the 
alphabet  are  the  component  parts  of  words.  When  we  remember 
that  twentynsix  letters  in  different  combinations  give  rise  to  the 
multitude  of  words  in  the  dictionary  we  need  not  be  surprised  at 


unber  of  different  substances.  The  study  of  chemistry  is  no 
hopeless  because  of  the  multitude  of  substancea  than  ia 
beca\ise  of  the  multitude  of  words. 
The  elements  are  not  all  of  like  importance.  Some  are  rare  and 
of  imaU  practical  value*  Others  are  rare  but,  because  of  some 
qndal  use  to  which  they,  or  substances  of  which  they  are  a  part,  are 
pott  aie  of  exceeding  interest.  Still  others  are  abundant  but  of 
nlalavely  little  interest  because  of  small  practical  application. 

The  amounts  of  eighteen  of  the  elements  found  in  those  portions 
rf  the  earth  which  we  are  able  to  examine  are  given  in  the  following 
tibte.     (The  estimatea  are  those  of  F.  W.  Clarke.) 


lim* 


P«r  ««nt  Pw  Mot 

49.85  Potaflsium  .    ,  2.33 

25.03  MagDCfiium 2.11 

7.28  Hydrogen.  ....  0.97 

i.l2  Titanium 0.41 

3.18  Chlorine 0,20 

2.33  Carbon 0.19 


Kh» 


Foetal 

Phoflphorue-  ....     0.10 

Fluorine. 0.10 

Sulfur 0.10 

Barium .,     0.09 

Manganese.  , 0.08 

Nitrogen 0.03 

99.51 


be  obeerved  that  all  the  remmning  elements  together  amount 
than  half  a  per  cent  and  a  comparison  with  the  full  list 

viO  Bbow  that  these  include  such  familiar  substances  as  copper, 

Imdt  tin,  etc. 

Types  of  Change*  —  The  student  of  chemistry  is  not  only 
confronted  by  a  huge  variety  of  different  substances  but  also  by  an 
appar^iUy  bewildering  number  of  changes.  No  object  in  nature 
fcmaina  permanently  fixed.  Changes  of  position,  of  temperature, 
of  electrical  condition,  of  composition,  etc.,  are  constantly  taking 
plaoe.  There  are,  however,  two  distinct  types  of  change.  One 
of  these  types  may  be  illustrated  by  the  changes  taking  place  when 
t  platinum  wire  is  heated  in  a  gas  flame.  We  may  observe  that 
the  wire  changes  color,  it  becomes  a  source  of  light,  it  becomes 
riigbtly  longer  and  thicker  and  when  the  exciting  cause  of  these 
ehangea,  the  gas  flame,  is  removed  the  wire  speedily  regains  its 
iime  and  appearance.  Another  example  of  the  same  type  of 
ii  famished  by  passing  an  electric  current  through  a  coil 
ol  wire  which  surrounds  a  rod  of  soft  iron.  Previous  to  the  passage 
the  current  and  after  its  discontinuance  the  iron  seems  wholly 


I 
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inert  with  respect  to  iron  filings  placed  near  it*  During  the  paa- 
sage  of  the  current  the  iron  core  possesses  a  strange  attraction  for 
the  filings  and  they  cling  to  it  with  remarkable  pertinacity.  Such 
changes  as  these  might  be  instanced  in  great  numbers  and  in  all 
we  should  find  that  the  body  undergoing  the  change  may  at  all 
times  be  recognized  as  the  original  material,  i.e*,  it  does  not  lose  its 
identity.  More  than  all  else  these  changes  are  always  to  be  recog- 
nized as  gradual.  For  example,  the  heating  of  the  wire  was  gradual 
even  though  very  rapid*  Between  the  complete  establishment  of 
the  maximum  attractive  power  of  the  magnet  and  the  absence 
of  the  same  there  was  a  period  pf  partial  magnetization.  Even  in 
the  most  adroit  movements  of  the  prestidigitator  we  are  perfectly 
sure  of  the  existence  of  the  object  of  his  manipulations  somewhere 
between  its  appearance  in  one  place  and  its  subsequent  appearance 
in  another.  Such  changes  as  these  are  called  physical  changes, 
and  are  specially  distinguished  by  the  facts  mentioned.  The 
objects  changed  do  not  lose  their  identity  and  the  changes  are 
gradual.  We  encounter  other  changes  which  may  be  sharply  con* 
trasted  with  such  as  are  above  described.  If  we  heat  a  mag- 
nesium wire  in  a  gas  flame  we  have  an  evolution  of  light  and  ex- 
pansion in  volume,  yet  the  most  careless  observer  cannot  but  note 
the  change  in  the  appearance  of  the  wire.  It  was  a  lustrous  metal, 
it  has  become  a  soft  white  powder  and  moreover  there  appears  to 
be  no  intervening  condition  between  that  of  coherent  metal  and  of 
white  powder.  Another  example  of  this  sort  of  change  is  furnished 
by  passing  an  electric  current  through  a  solution  of  copper  sulfate. 
It  will  be  noted  that  one  of  the  electrodes  becomes  coated  with 
copper  and  that  bubbles  appear  at  the  other.  If  the  electrodes 
are  of  platinum  and  the  operation  be  continued  sufficiently  long  the 
solution  becomes  colorless.  Such  changes  are  typical  chemical 
changes  and  are  marked  specially  by  the  loss  of  identity  of  the 
material  changed  and  by  the  abniptness  of  the  change.  (The 
student  should  note  that  the  terms  'abrupt'  and  'gradual'  as  used 
above  do  not  refer  to  time.) 

I  It  is  with  this  last  tj^  of  change  that  the  chemist  has  more 
particularly  to  do  and  familiar  examples  of  such  changes  might  be 
cited  in  large  numbers.  We  should  note,  however,  that  while  this 
division  of  changes  into  two  general  types  is  helpful,  we  shall  in 
some  instances  find  it  difficult  to  distinguish  whether  a  given  change 
is  physical  or  chemical.  We  must  recognize  this  inherent  diffi- 
culty in  all  classifications  of  natural  phenomena. 
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Definition  of  Terms.  —  Each  special  subject  has  a  language  of 
ita  own  and  the  student  of  the  subject  must  learn  to  speak  that 
liafOftge.  The  chemist  uses  many  ordinary  terms  in  special 
wegmm  or  in  one  of  the  varied  sens^  in  which  a  given  term  may  h^ 
popularly  employed.  It  is  therefore  desirable  before  proceeding 
with  further  study  of  the  features  common  to  all  chemical  changes 
to  define  a  few  of  these  terms. 

A  body  of  matter  is  to  the  chemist  any  portion  of  matter  which 
be  has  under  consideration.  It  may  be  simple  or  complex,  but  the 
term  always  refers  to  some  definite  concrete  thing.  A  substance, 
OD  the  other  hand^  refers  to  some  particular  kind  of  matter.  It 
Dtty  be  fimple  or  complex,  but  in  speaking  of  a  substance  we  do  not 
refer  to  any  particular  body.  Thus  we  may  say  that  a  given  body 
of  matter^  e,Q,,  a  chair,  is  made  of  a  substance,  wood,  or  a  given  piece 
of  money  may  be  a  piece  or  body  of  gold,  but  gold  is,  in  general, 
tsnboEtance, 

By  the  term  properties,  as  applied  to  bodies,  we  understand  the 

diSereot  means  by  which  these  bodies  become  evident  to  our  senses. 

The  properties  of  a  body  may  belong  to  it  merely  because  of  its 

Mparmle  existence  as  a  body,  e.g.,  size,  weight,  shape,  or  they  may 

hAtm^  to  it  as  a  temporary  condition  due  to  environment,  e,g.t 

liBiperature,  dectrical  condition.     Still  other  properties  of  a  body 

irt  attributes  of  {%,€.,  arc  inseparable  from)  the  substance  or  sub- 

HUOQB  of  which  a  given  body  is  composed.     The  properties  of  a 

iUlMteiioe  which  are  used  as  a  means  of  identification  we  call 

charmcteristic    properties.     We    recognize    two    general    types    of 

properties  of  substances,  physical  properties  and  chemical  prop- 

vtfM.     The  former  are  those  possessed  by  a  substance  in  a  given 

oioditioii,  or  are  called  into  existence  by  some  physical  change  which 

i  body  of  that  substance  may  undergo.    The  latter  are  manifested 

only  wben  a  substance  undergoes  a  chemical  change.     An  iilus- 

timlive  example  will  probably  make  the  use  of  these  terms  clear. 

If  we  examine  a  body  of  sulfur  we  find  that  the  shape,  size  and 

lonperature  do  not  depend  upon  the  substance  since  any  other 

•obftanee  may  possess  the  same  properties.    The  color,  solubility 

and  density  of  sulfur  are  physical  properties,  though  each  may  be 

tomewtiat  altered  as  a  given  body  undergoes  physical  changes. 

Of  the  phywcal  properties  the  color,  taste,  density,  melting  point, 

md   F  V  may  be   called   characteristic   since   by  observing 

1  mdu<-^^.    aumber  of  these  we   may  establish   the  identity  of 

the  body  as  being  a  portion  of  the  substance  sulfur.    It  we  heat 
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the  Bulfur  in  the  flame  of  a  Bunsen  burner  it  will  burn  and  give 
rise  to  a  disagreeable  odor*  This  is  a  chemical  property  and  is  also 
characteristic  because  the  odor  is  only  developed  by  chemical 
change  and  its  formation  assists  in  establishing  the  identity  of  a 
given  body  as  being  sulfiur. 

The  word  fact  is  in  ordinary  language  used  to  express  a  real 
state  of  things  as  distinguished  from  a  statement  of  belief.  Id 
science  the  word  usually  denotes  anything  which  is  established 
directly  by  experiment  as  distinguished  from  that  arrived  at 
through  theory. 

In  the  preceding  discussion  of  chemical  change  attention  was 
called  to  the  fact  of  loss  of  identity  when  magnesium  is  burned. 
Again  the  fact  of  loss  of  identity  is  shown  when  copper  sulfate  is 
decomposed  by  the  electric  current-  When  a  sufiScient  number  of 
such  facts  have  been  accumulated  to  convince  us  that  when  any 
chemical  change  takes  place  the  materials  changed  lose  their  iden- 
tity we  may  express  this  observed  uniform  mode  of  behavior  in  a 
single  statement.  Such  a  statement  is  called  a  law  of  nature  or 
a  generalization.  A  natural  law  is  a  statement  of  an  observed 
tiniform  mode  of  behavior  of  nature.  Such  laws  are  markedly 
different  from  mandatory  laws  imposed  by  some  superior  authority 
such  as  church  or  state.  A  law  of  nature  may  not  be  'disobeyed' 
since  no  command  exists.  When  a  supposed  natural  law  is  found 
not  to  accurately  describe  the  uniform  mode  of  behavior  it  pur- 
ports to  describe,  it  ceases  to  be  a  law.* 

Kinds  of  Chemical  Change.  —  1.  Decomposition.  If  we 
heat  some  saltpeter  in  a  hard  glass  test  tube  over  a  Bunsen  burner 
the  mass  first  melts  and  so  far  as  can  be  seen  no  other  change  takes 
place.  (A  physical  change.)  If  the  melted  mass  be  still  more 
strongly  heated  it  appears  t-o  boil  but,  unlike  in  boiling  water^ 

*  Of  course  where  a  law  describes  a  mode  of  behavior  of  a  cbtss  of  eEbstanoea 
and  inBtaoces  become  known  where  duch  a  description  is  inaccurate  we  may  at 
our  option  change  the  basis  of  classification  so  aa  to  exclude  these  instances  or  we 
may  discard  the  law.  Where  the  proper  cSassification  is  in  doubt  the  geaeraliia- 
tion  becomes  doubtftil.  Thus  in  the  above  case  if  we  should  observe  a  change 
which  is  not  accompanied  by  Iobs  of  identity  but  which  for  other  reasons  we  should 
like  to  class  as  chemical  we  may  follow  one  of  three  courses.  We  may  say  that 
the  law  should  not  exist,  w^e  rnay  say  the  chtmgc  under  dieeuasion  is  an  exception, 
or  we  may  class  the  change  as  physical  and  not  chemical.  Which  of  these  oouniQa 
I  followed  is  determined  by  convenience  or  by  convention. 


no  fog  produced  at  the  mouth  of  the  tube.  If  now  we  in- 
troduce a  splinter  on  the  end  of  which  is  a  spark,  the  Bpark,  in- 
Mad  of  going  out  as  it  would  do  in  air,  bursts  into  flame*  If  the 
hfiating  be  long  continued  the  material  which  causes  the  spark  to 
fiame  oeaaes  to  form  and  on  cooling  we  find  a  residue  which  is  not 
ibe  same  as  the  original  material.  That  this  is  true  may  be  shown 
bj  treating  a  small  quantity  of  each  in  a  test  tube  with  some  dilute 
eolhmc  acid.  The  two  behave  quite  differently.  This  expcri- 
■mi  tlltistrates  one  sort  of  chemical  change.  The  saltpeter  has 
been  decomposed  by  heat.  We  shall  meet  many  cases  of  the  same 
sort  in  which  by  means  of  heat»  or  some  other  agency^  a  substance 
ii  broken  up,  giving  rise  to  others.  Such  a  change  is  called  de- 
com.poaitio'O^ 

2.  Synthesis.  If  sulfur  and  powdered  iron  are  thoroughly 
mixed  on  a  piece  of  paper,  a  grayish  mass  is  obtained  which  cer- 
tainly does  not  look  like  either  original  substance,  but  the  presence 
cf  both  as  separate  substances  may  be  shown  by  means  of  a  magnet. 
(A  pkjBical  change.)  If  the  mixture  is  heated  in  the  burner,  we 
fad  that  shortly  a  dull  red  glow  appears  in  the  tube  and,  even  if 
removed  from  the  flame,  the  glow  spreads  through  the  whole  mass. 
Wbeo  cooled  and  examined  this  material  no  longer  exhibits  the 
ippearance  of  iron  and  sulfur,  even  if  examined  with  a  magnifying 
gjuB.  Nor,  if  sufficient  sulfur  were  used,  does  a  magnet  attract 
a  eilber  as  a  whole  or  partially.  By  sufficiently  drastic  treatment  it 
may  be  shown  that  this  mass  may  be  made  to  yield  both  iron  and 
sulfur.  These  substances  have  therefore  been  combined  to  form 
t  third.  The  new  substance  is  known  as  iron  sulfide.  Such  changes 
IB  this  are  very  numerous,  also,  and  are  known  as  combinations, 
rqmtfaesea. 

Exchange.  If  copper  sulfate  is  dissolved  in  water  and  to 
iOititiOQ  is  added  some  sodium  hydroxide,  a  bluish  white  sub- 
a^mrates  from  the  liquid  which  is  clearly  not  either  of  the 
original  sabstanoeSi  since  if  we  remove  the  liquid  by  pouring  through 
a  filter  paper^  the  portion  which  remains  on  the  paper  does  not 
hdiav^  as  either  of  the  original  substances  when  heated.  If  the 
ancily  proper  amount  of  sodium  hydroxide  is  used,  we  may,  by 
beating  the  liquid  portJon  (the  filtrate),  obtain  still  another  sub- 
iUace  which  is  wholly  different  from  cither  original  material. 
Elteaded  investigation  shows  that  these  two  new  substances  each 
tOBimn  a  part  of  each  of  the  original  ones.  The  full  significance  of 
tU  fipfffcftii  wiU  not  be  apparent  to  the  beginner  but  the  idea,  ao^ 
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Booght  will  be  clear  when  we  say  that  the  copper  sulfate  and  Bodi 
hydroxide  when  brought  together  form  copper  hydroxide 
sodium  sulfate.  This  is  a  case  of  excliange  and  fumiBhee  a  third 
variety  of  chemical  change.  It  is  also  known  aa  double  decom- 
positioii  and  as  metathesis* 

These  three  kinds  of  chemical  change,  deeompositioti,  com* 
binatioai  and  exchange,  embrace  all  chemical  changes  which  exist, 
with  the  exception  of  one  variety  which  wiD  be  more  fully  discussed 
later  and  is  known  as  intramolecular  rearrangement.  (See  p. 
339.)  If  the  statement  just  made  is  true,  then  it  is  apparent 
that  in  all  chemical  changes  there  is  a  change  in  compositiont 
either  by  addition^  division,  exchange,  or  rearrangement  of  parts« 
This  then  may  be  considered  a  characteristic  of  chemical  change. 

importance  of  Physical  Propertien*  —  It  is  worth  noting  at 
this  point  that  if  all  the  experiments  previously  described  are 
carried  out  we  do  not  see  any  chemical  change,  nor  are  any  chemical 
properties  visible.  Thus,  when  iron  and  sulfur  are  heated,  we  see 
an  evolution  of  light,  we  feel  an  increase  in  temperature,  and  we 
note  a  change  of  physical  properties  from  the  extent  and  character 
of  which  we  infer  that  a  chemical  change  has  taken  place.  In 
such  operations  it  is  therefore  important  to  distinguish  between 
physical  properties  which  are  to  the  purpose  in  hand.  We  shall 
therefore  present  in  some  detail  a  few  of  the  phenomena  which 
always  accompany  chemical  actions.  The  student  will  gradually 
acquire  the  art  of  picking  out  properties  which  serve  as  indications 
of  chemical  change  and  those  which  have  but  little  or  no  bearing 
on  chemical  questions.  The  art  of  selective  attention  is  one  which 
must  be  acquired  in  any  special  study  before  rapid  progress  is 
made. 


The  Law  of  Conservation  of  Mass.  —  In  many  instances 
euperficial  observation  of  the  results  of  chemical  change  might 
lead  to  the  conclusion  that  matter  is  destroyed.  For  example, 
a  lump  of  coal  when  placed  on  the  fire  gradually  disappears  leaving 
only  a  small  amount  of  ash.  Again  a  lighted  candle  made  of  tallow 
or  wax  will  practically  completely  disappear  from  sight.  Similar 
instances  of  changes  ordinarily  classed  as  physical  changes  may 
also  be  cited.  Thus  water,  camphor  and  many  other  substances^ 
if  placed  in  open  vessels,  gradually  disappear.  If  we  warm  a 
,  quantity  of  brandy  or  whiskey  it  loses  its  intoxicating  properties 
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asd,  8S  the  alchemista  said,  its  spirit  is  removed.  In  all  these 
iaBUoott  there  is  a  loss  of  weight  of  the  material  undergoiDg  the 
change  and,  in  the  absence  of  evidence  to  the  contrary  it  might  be 
HUmed  that  matter  is  being  destroyed.  In  at!  such  cases^  however^ 
bf  ttfuig  proper  methods  it  may  be  shown  that  the  matter  does 
woi  absolutely  disappear,  but  simply  changes  its  form.  In  all  the 
cases  mentioned  above  the  new  forms  happen  to  be  invisible.  In 
the  ease  of  the  candle  this  may  be  shown  by  burning  it  in  a  chimney^ 
aad  by  means  of  a  filter  pump,  drawing  the  products  over  soda 


1 

I 
I 


Fto.  L 

Hie  apparatus  is  sketched  in  Fig.  L  If  the  soda  lime  is 
before  and  after  the  process  it  will  be  found  to  have 
in  weight.  Indeed  if  the  candle  and  soda  lime  are 
hotll  weagb^  it  is  found  that  far  from  the  burning  producing  a 
losi  of  wei^t,  there  is  actually  an  increase  in  total  weight*  It 
wotdd  aeem  to  appear  then  that  chemical  changes  may  produce 

.  Many  instances  of  such  apparent  increase  of  matter  by 
might  be  cited,  but  one  will  suffice  for  our  purpose.  If  we 
wm^  a  quantity  of  steel  wool  and  burn  it  and  weigh  again,  taking 
eafe  to  eollect  all  the  particles  of  material,  we  will  note  a  very 
naikfid  increaae  in  weight.  Since  we  found  in  the  case  of  the  burn* 
0^  ttttdle  that  the  apparent  destruction  of  matter  was  not  real, 
the  questioii  now  arises,  is  the  increase  in  weight  due  to  production 
of  matter?  A  convenient  method  of  determining  the  source  of 
ttieiflOMM  of  weight  in  the  ease  of  the  steel  wool  is  to  moisten  some 
of  it  ud  insert  it  in  a  cylinder  which  is  full  of  air.    This  cyliudei  \ft 
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set  mouth  down  in  a  vessel  of  water.  A  substance  very  similar 
to  that  produced  by  burning  the  wool  is  slowly  formed  and  a  de- 
creafie  in  the  volume  of  air  in  the  cylinder  will  be  noted.     La- 

»voifiier,  a  French  chemist,  in  1774,  showed  that  in  a  number  of  ^ 
^^  such  cases  the  gain  in  weight  'm  exactly  equal  to  ■ 

■  the  weight  of  air  absorbed.     The  final  conclu- 

H  sion  from  a  great  number  of  similar  determi- 

B  nations  is  that  in  no  change,  whether  physical 

H     '  pr  chemical,  lias  there  been  observed   either 

B  gain  or  loss  of  weight  if  we  take  into  account 

J     \  aU  the  substances  involved  in  the  change*     This 

/^A_\         is  known  as  the  law  of  conservation  of  mass. 
A  very  satisfactory  illustrative  experiment  is  bs 
follows:     Fill  one  limb  of  a  A  tube  with  potas- 
_  _     sium  chromate  and  the  other  with  silver  nitrate 

1^  Pm.2.  solution*      Seal  the  open  end  (see  Fig.  2)  and 

1^  weigh.     Mix  the  contents  of  the  tube  and  again  weigh.     A  very 
striking  chemical  change  has  taken  place  but  no  change  in  weight 
has  occurred.     So  far  as  has  been  definitely  determined  the  same 
^       result  is  always  obtained  when  the  egress  or  ingress  of  material  ia 
H  accounted  for.    Hence  the  law  (c/.  Mendelejeff,  vol.  1,  pp,  5-20). 

^m  The  Late  of  Definite  Proportions.  —  If  some  finely  divided 
^^  pure  copper  is  heated  in  a  current  of  air  until  it  is  completely  con- 
verted into  a  black  substance  known  as  copper  oxide,  it  is  found  on 
I  comparing  the  weight  of  the  oxide  and  of  the  original  copper  that 
I'  the  ratio  is,  approximately,  1  :  0  J996.  The  more  frequently  and 
I  the  more  carefully  the  experiment  ia  performed  the  more  closely 
the  results  obtained  approach  the  ratio  given.  That  is,  copper 
oxide  is  79.96  per  cent  copper;  the  rest  of  the  substance  is  oxygen. 
Kxperience  has  shown  that  so  long  as  the  product  is  wholly  the 
black  oxide,  the  percentage  of  copper  is  never  more  or  less  than 
70.95  to  an  extent  beyond  the  known  Hmits  of  error  of  measure- 
ment. Again,  if  a  weighed  quantity  of  iron  is  heated  with  sul- 
fur^ the  resulting  compound  exhibits  the  weight  ratio,  iron  sulfide 
;  iron  : :  I  :  0.6352  as  the  mean  of  a  series  of  very  accurat^e  deter- 
minations, i.e.,  the  sulfide  is  63.52  per  cent  iron  and  36,48  per  cent 
nulfur.  This  result  is  obtained  no  matter  how  large  an  amount  of 
Mulfur  is  used  since  any  excess  is  volatilized  by  heating.  If  too  little 
ii  used,  the  resulting  fnass  may  be  shown  to  contain  unchanged 
iron.    These  cases  illustrate  the  determination  of  the  composition 
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substances  by  synthesis  {trwrlBan.  -  to  put  together),  i.e.,  by 
Bg  known  quantities  of  the  constituent  parts  together  to  form 
be  new  subetance.  The  same  result  might  be  reached  in  both  cases 
by  another  method.  If  we  take  pure  black  copper  oxide  and 
aove  the  oxygen  by  passing  hydrogen  (for  details  see  composi- 
ion  of  water)  over  it,  the  resulting  copper  will  be  found  to  bear  to 
be  original  oxide  the  same  ratio  as  before.  Or  if  iron  sulfide  is 
ibjected  to  a  more  complicated  process  which  need  not  be  here 
'  described^  the  composition  is  found  to  be  as  before  stated.  This 
method  of  determination  is  known  as  analysis  (dmAuetv  =  to 
loosen).  In  the  first  decade  of  the  nineteenth  century,  Proust 
demonstrated,  what  had  been  tacitly  assumed  by  many  others, 
that  many  substances  when  their  composition  is  determined  by 
either  of  the  above  methods  give  similar  results.  Such  aubetances 
we  call  compounds  and  the  rule  may  be  stated:  A  pure  compound 
always  contains  the  same  elements  in  constant  ratio  by  weight. 
This  statement  is  known  as  the  law  of  definite  proportions.  By 
1  multitude  of  researches  it  has  been  shown  to  be  rigidly  true  for 
many  substances.  In  those  cases  where  bodies  of  matter  are 
fdund  in  which  a  constant  ratio  of  the  constituents  does  not  obtain 
it  is  frequently  apparent  that  no  chemical  change,  at  least  as  judged 
by  the  criterion  given  on  page  16,  has  taken  place  at  all.  In 
soeh  eaaes  we  call  the  bodies  mixtures.  For  example,  we  may  have 
two  or  more  substances  such  as  iron  and  sulfur,  or  sand  and  sugar, 
existing  side  by  side  in  any  desired  ratio  by  weight.  Mixtures  are' 
distinguished  ordinarily  by  a  lack  of  homogeneity  and  frequently 
may,  by  eome  purely  mechanical  means,  be  separated,  partially 
at  least.  There  are,  however,  still  other  cases  of  substances  which 
hafe  an  inconstant  ratio  of  constituents  and  yet  are  homogeneous, 
Thar  formation  may  be  accompanied  by  loss  of  identity  of  tho 
eoQilitueDt  materials  and  by  other  characteristics  of  chemical 
diange.  Examples  of  such  changes  are  furnished  by  the  solution 
of  sugar  and  of  many  other  substances  in  water,  and  by  the  for- 
nalaoci  of  aUo^'S,  such  as  gold,  silver  or  bronze  coins,  all  of  which 
iff  composed  of  more  than  one  element.  The  nature  of  the  rela- 
tion between  the  constituents  in  such  cases  is  not  yet  wholly  clear 
to  chemists.  We  call  such  combinations  solutions.  We  use  there- 
fore,  pmctJcaBy,  the  following  classification  of  matter,  (i)  Elc- 
WMb:  rabstancea  not  yet  shown  to  be  complex.  (2)  Compounds : 
Iiltitaaee0  composed  of  more  than  one  element  and  in  which  the 
bar  of  definite  proportions  obtaii}^.    (3)  Mixtures:  combmalvoiaa 
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of  two  or  more  substances  the  formation  of  which  is  accompanied 
by  no  evidences  of  chemical  change.  (4)  Solutions:  an  inter- 
mediate group  of  substances  to  which  are  assigned  complex  sub- 
stances not  clearly  either  pure  compounds  or  mixtures  (of  this  class 
much  will  appear  in  subsequent  pages,  vide  Chapters  IV  and  IX 
especially). 

The  Law  of  Multiple  Proportions*  —  As  a  result  of  the  study 
of  the  composition  of  compounds  many  instances  are  known  in 
which  two  or  more  different  substances  consist  of  the  same  elements. 
The  composition  of  three  pairs  of  such  substances  is  shown  in  the 
following  table: 

Pirotiil  Firetal 

Ethylene:  Carbon 85.7  Hydrogen,..   14. a 

Marah  gas:  Carbon.  .  .  .   75,0  Hydrogen. . ,  25»0 

Carbon  dioxide:  Carbon. . . .   27,27  Oxygen* ...  *  72.73 

Carbon  monoxide:  Carbon, . . .   42,86  Oxygen. , , , ,  57*14 

Nitrous  oxide:  Nitrogen, , ,  46.67  Oxygen ,53.33 

Nitric  oxide:  Nitrogen.  .30.43  Oxygen 69.57 

In  the  first  pair  of  substances  it  is  clear  at  a  glance  that  the  quantity 
of  hydrogen  as  compared  with  that  of  carbon  is  greater  in  marsh 
gas  than  in  ethylene.  How  much  greater  it  is,  is  shown  by  consid- 
ering the  quantity  of  carbon  in  both  substances  as  unity.  Then 
in  ethylene  85.7  :  14,3  =  1  :  x;  x^  0.167*  In  marsh  gas,  75  :  25 
=  1  :  x';  x'  =  0.334*  The  ratio  of  x  to  x'  is  therefore  1:2.  A 
similar  result  is  obtained  if  by  the  same  method  we  compare  the 
amount  of  oxygen  in  carbon  dioxide  with  that  in  carbon  mon* 
oxide,  e.g., 

27.27  ;  72.73  =  1  .  x    and    42*86  :  57.14  =^  1  :  x', 

X  -  2.66    and    x'  ^1*33     and    ^  ^  ?- 

x'      1 

The  same  sort  of  relation  is  also  shown  by  the  third  pair  of  sub- 
Btances.  If  the  analyses  of  the  two  common  oxides  of  sulfur 
(g*t?.)  are  examined  in  the  same  way,  a  similar  result  is  obtained 
except  that  the  ratio  of  the  quantity  of  oxygen  in  one  compound  is 
to  that  in  the  other  as  2  :  3. 

From  a  consideration  of  such  results  as  those  above  given,  and 
from  certain  theoretical  considerations  (presented  in  Chapter  V) 
Dal  ton  J  in  1804,  reached  the  conclusion  that  whenever  more  than 
compound  is  formed  from  the  same  faclors»  if  one  of  the  fac- 


cooBidered  in  a  fixed  Amount^  the  amounts  of  the  other  in 
I  different  compounds  will  vary  in  simple  ratio.  This  is  knovi'n 
10  the  law  o(  multiple  proportions.  The  law  has  been  abundantly 
fmfied  by  subsequent  investigations.  As  examples  we  may  cite 
the  five  oxides  of  nitrogen  in  which  the  amounts  of  oxygen  in 
the  different  compounds  which  unite  with  a  fixed  amount  of  nitro- 
gm  are  in  the  ratio  of  1:2:3:4:5.  We  may  also  cite  four 
OKjgen  acida  of  chlorine  in  which  for  a  fixed  amount  of  one  factor, 
vhid)  is  nukde  up  of  chlorine  and  hydrogen,  the  oxygen  varies  in 
the  ratio  of  1:2:3:4.  This  remarkable  generalization  had  a 
Boat  important  part  in  the  development  of  the  atomic  hypothesis 
wdieh  is  discussed  in  Chapter  V. 

The  Law  of  Combining  Weights,  ^^  When  compounds  are 
analysed,  we  ordinarily  express  the  results  in  the  percentage  of 
constituents.  For  example,  if  we  have  one  gram  of  black  copper 
oxide^  we  find  it  possible  to  obtain  from  it  0 J996  grams  of  copper 
and  0.20O4  grams  of  oxygen.  (See  p.  12.)  The  composition,  there- 
fore, is  copper  79.9  per  cent  and  oxygen  20.1  per  cent.  We  may 
prqMLre  a  list  of  such  results  and  tabulate  them  as  follows: 


P«r  e«Dt 

PtrcenI 

Water: 

Hydrogen , » . 

.  11.19 

Oxygea. , . 

,,   88.81 

Copper 

,  79.96 

Oxygen . . , 

.,   20  04 

M««uiie  oxide: 

Mercury . .  . . 

.  02.59 

Oxygen , .  . 

..     7,41 

ipMfmM  Qsida: 

Iron 

,  77.8 

Oxygen . , . 

,,  22.2 

liHiifBe: 

Lead 

.  92.82 

Oxygen . . . 

..     7.18 

AltlKNigh  all  the  compounds  contain  oxygen,  it  does  not  appear  at  a 
glance  how  much,  relatively,  of  each  of  the  other  elements  is  present. 
If,  however,  we  should  take  for  analysis  instead  of  equal  weights  of 
each  substance  such  quantities  as  would  contain  the  same  amount 

oxygen,  the  relative  weights  of  the  other  elements  would  be 
at.     These  quantities  may  be  calculated  from  the  above  data. 

If  we  take  the  unit  quantity  of  oxygen  as  eighty  then  we  have 
in  tha  case  of  water  88.81  :  1M9  :  :  8  :  x  and  x  ^  1,008,  i.e.,  IMS 
|arta  by  weight  of  hydrogen  are  in  combination  with  8  parts  by 
weil^t  of  oxygen  in  water.     In  a  similar  manner  we  may  obtain 

f_tbe  above  substances  values  as  follows: 

Oxygen  8  :  hydrogen  1 .008,  in  water. 
Oxygen  8  :  copper  31.8,  in  copper  oxide. 
Oiygen  8  :  mercury  100»  in  mercuric  oxide. 
Oxygen  8  :  iron  28,  in  ferroua  oxide. 
Oxygen  8  ;  lead  103.45 p  in  litiiargie. 
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1.008,  31.8,  100,  28,  103.45  are  then  the  amounts  of  hydrogen 
copper,  mercury,  iron,  and  lead  which  are  equal  in  combii 
value  to  the  same  amount  of  oxygen. 

It  is  of  course  possible  to  find  in  a  eimilar  manner  the  numt 
of  parts  of  any  eletiieut  which  will  combine  with  eight  part^  of 
oxygen*     These  relative  amounts  of  the  elements  are  known  as 
equivalent  weights.     The  five  elements,  other  than  oxygen,  in 
the  above  list  also  combine  with  sulfur  to  form  certain  compounds  — 
called  sulfides  and  with  chlorine  to  form  chlorides.     When  welm 
express  the  composition  of  these  compounds  using  the  equivalent 
weights  just  ascertained  a  very  surprising  fact  develops,  as  showa^ 
in  the  following  table: 

aulfiir,  16.03,  in  hydrogeD  sulfide, 
sulfur,  16.03,  in  copper  diiifide. 
sulfur,  16 ,03,  in  mercuric  auliide. 
sulfur,  16.03,  in  iron  sulfide, 
sulfur,  16.03,  in  lead  sulfide. 


Hydrogen 

1.008 

Copper 

31.8 

Mercury 

100 

Iron 

28 

Lead 

103,45 

Hydrogen 

1.008 

Copper 

31.8 

Mercury 

100 

Iron 

28 

Lead 

103,45 

chlorine,  35.45,  In  hydrochloric  acid. 
chlorine,  35.45^  in  copper  chloride. 
chlorine,  35,46,  in  niercutric  chloride, 
chlorine,  35.45,  in  ferrous  chloride* 
chlorine,  35.45,  in  leitd  chloride. 

It  appears  that  the  same  quantities  of  these  five  elements  which 
are  equivalent  to  a  fixed  amount  of  oxygen  are  also  equivalent 
to  fixed  amounts  of  sulfur  and  of  chlorine.  What  is  found  to  be 
true  in  these  instances  has  been  found  true  for  all  elements.  Wo 
may  put  the  resulting  generalization  in  the  following  form.  The 
relative  amounts  of  ike  elements  which  combine  with  a  fixed  amount 
of  oxygen  are  also  equivakTii  when  they  combins  with  other  elements. 
This  statement  is  known  c^  the  law  of  equivalents  and  also  as  the 
law  of  reciprocal  proportions.  If  one  considers  the  equivalent 
weights  given  above  it  is  apparent  that  equal  weight  quantities 
of  the  elements  are  not  of  equal  chemical  value  and  it  may  be 
tJiat  these  quantities  of  the  elements  may  serve  as  convenient 
units  for  measuring  the  elements.  This  is  indeed  true.  Tho 
above  italicized  statement  must,  however,  be  modified  because  of 
the  fact  that  certain  elements  unite  with  each  other  in  more  than 
one  ratio  by  weight.  This  we  have  already  considered  under  the 
heading  of  the  law  of  multiple  proportions  (p*  14).  For  example, 
in  the  case  of  copper  and  oxygen  we  have  the  two  oxides  in  which 
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rOiM  by  weight  are  8  :  31^  and  8  :  63.6.  In  the  eaae  of 
and  Bidfur  we  have  the  weight  ratio  28  :  16.03  in  ferrom 
and  28  :  32.06  in  iron  p>Titea*  We  have  then  as  equivalent 
bta  for  copper  both  31i^  and  63.6,  and  for  suUm  16.03  and 
ZtM*  The  relation  exiating  between  the  different  equivalent 
raghta  is  expressible  by  small  whole  numbers.  It  ia  poenblep 
therefore,  to  accurately  express  the  composition  of  pure  chemical 
CQiBpoiiiids  in  terms  of  equivalent  weights  or  multiples  of  the 
nme  by  integers.  It  will  be  recalled  that  the  unit  of  equivaleni 
TO^ta  is  oxygen  with  an  arbitrarily  selected  value  8.  Any 
other  element  might  have  been  selected  as  a  basia  of  compansoo 
and  any  desired  unit  value  assigned  to  it.  For  reasons  which  it 
is  not  desirable  to  present  at  present,  but  which  are  given  in  full 
in  Chapter  V,  if  we  select  16  for  a  unit  value  for  ox>'gen  and  cer- 
tain of  the  rorresponcUng  equivalefit  values  we  secure  a  more 
convenient  set  of  numbers  by  means  of  which  to  €xpn?ss  the  com- 
[xistion  of  compounds.  These  are  knoviii  as  atomic  weights. 
The  atomic  weights  are  either  the  same  as,  or  are  small  multiples 
oft  the  equivalent  weights.  The  subjoined  tal4e  gives  a  few  of 
these  and  shows  their  relation  to  the  equivalent  weights.  The 
foil  table  appears  on  the  inside  cover  of  the  text. 


}                        Etanat. 

Eqv£T»kfii  vviclrt- 

M^^ 

KtBmacw^^a. 

fev. 

8 

31  8 
100 
1080 

» 

1  008 
35  45 
0 
3 

1603 

2 
% 
3 
3 

3 

10 

036 
200 

uSj^ ...... 

3177  2 

i«r..v.;.v.v.v;.v/^^^ 

56 

Aloiuuiini                                  

vvanBR. . 

^^wa*  •  *  •  ■                                .  •  • 

1008    1 

5     1 

S3           ' 

33  OS 

If  now  we  use  the«?ie  numbers  to  expreas  the  composition  of  some 
of  the  compounds  already  oonaidered  we  find  the  following  relationsu 

Walv:  Oiy9eo....l6,  H/drosea...  .2  X  I.OOa. 

Ouprie  «ixide:  OxygBi....lO,  Gbppo'. 63.0. 

*  QlpKHis  oaeide:  Oiygen ,  . . .  16»  Coi^wr 2X03*0. 

ilfidft:  Sulfur 32,00,  Copper. 03.0.  _ 

Plraa«l6da:  Sulfur. 32.06,  Iron JO. 

ipjrnlaa:  Sulfur 2x32.06^  ban ..JO. 


This  list  may  be  extended  indefinitely  but  we  have  aufficienil 
illustrations  to  make  the  following  statement  clear.  The  compo-j 
sitian  of  pure  chemicflJ  compounds  may  be  accurately  expressed 
in  tenns  of  fixed  numbers,  called  combining  weights,  or  multiples 
of  the  game  by  integers,  each  element  having  its  own  combining 
weight.  This  statement  is  known  m  the  law  of  combining 
weights.  It  is,  perhaps,  the  most  important  single  generalization 
in  chemistry*  The  law  of  combining  weights  is  not  the  result  otM 
one  series  of  observatbns  nor  is  it  the  result  of  the  work  of  a" 
single  person.  It  has  it«  beginning  in  the  work  of  Richter  (1792- 
1802)  on  the  combining  relations  of  the  acids  (Meyers*  History 
of  Chemistry,  p.  190),  It  was  advanced  through  the  atomic 
hypothesis  of  Dal  ton,  1804,  and  the  w^ork  of  Berzelius  (1808), 
but  reached  its  present  form  only  through  the  application  of 
Avogadro's  hypothesis  (1811)  by  Cannizzaro  (I860).  Later  a 
fuller  presentation  of  how  the  atomic  weights  are  obtained  will 
be  given.  At  this  point  the  purpose  is  to  make  clear  to  the  stu- 
dent that  the  elements  are  not  measured  in  units  of  the  same 
size,  but  each  has,  as  it  were,  its  own  yardstick.  The  superior 
convenience  of  this  means  of  expressing  the  composition  of  sub- 
stances will  not  be  apparent  to  the  student  at  once,  but  will  be- 
come increasingly  evident  as  he  proceeds  with  his  work.  He 
should  be  perfectly  clear  on  the  following  points:  The  selection 
of  oxygen  as  the  standard  of  comparison  and  the  assigned  com- 
bining weight  as  16  is  purely  arbitrary  and  is  decided  solely  by 
convenience.  Any  other  element  and  any  other  value  could  be 
taken  and  the  relative  values  would  be  the  same.  The  equivalent 
weights  are  determined  directly  by  analysis  or  synthesis  of  com- 
pounds, using  oxygen  taken  at  8  as  the  standard  of  comparison. 
The  selection  of  the  combining  weights  which  we  use  in  the  fol- 
lowing pages  rests  upon  facts  and  hypotheses  which  are  discussed 
in  Chapter  V.  The  student  should  be  clear  also  on  the  following 
points:  Combining  weights  are  any  set  of  numbers  in  terms  of  which 
the  composition  of  compounds  may  be  expressed.  Equivalent 
weights  are  that  particular  set  which  represents  the  weights  of 
elements  found  in  combination  with  8  of  oxygen.  The  atomic 
weights  are  a  selected  set  of  numbers  with  oxygen  16  as  a  baais. 
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Symbols.  —  Since  each  element  has  its  own  combining  weight, 
it  ia  convenient  at  times,  io  the  interest  of  brevity  and  clearness, 
to  uae  symbols  which   represent  not  only  abbreviations  of  the 


ot  tbe  dementSi  but  also  the  atomic  weights.    Thus  the 

,  O,  is  used  for  oxygen  and  represents  16  parts  by  weight  of 

the  dement.     Similarly,  H  indicates  hydrogen  and  represents  i.ooS 

puts  by  weight  of  hydrogen.     This  use  of  symbols  we  owe  to  the 

Swedish  chemist,  Berzelius,  and  it  doubtless  grew  out  of  the  secret 

cabalistic  signs  of  the  alchemists,     (See  Mellor,  Modem  Inorganic 

Chemistry,  p.  38.)     By  reference  to  the  table  of  atomic  weights,  it 

^jdH  be  seen  that  the  sj^nbols  are  variously  derived.     In  many  cases 

^^^^Hifst  letter  of  the  name  of  the  element  is  used  alone;  where  this 

^PMId  not  be  distinctive  the  second  or  some  other  letter  is  used. 

■  Tbus   the   symbols  CI,  Br,    Ca,    etc,   represent   atomic  weights 

of  the  elements  chlorine,  bromine,   calcium,  etc.    The   symbols 

vhich  were  first  used  were  derived  from  the  Latin  names  of  the 

fltenieiita,  but  some  of  the  more  recent  elements  have  symbols 

derived  from  the  English  or  German  names.    Thus,  Na  (natrium), 

Cu  (cuprum),  K  (kaUum),  Fe   (ferrum),  W   (wolfram)  etc*,  are 

the  e^inbols  used  for  atomic  weights  of  the  elements  sodium, 

L^wpper,  potassium,  iron,  tungsten,  etc. 

^P      It  ■  interefltuig  that  the  symhols  used  Id  chemistry  are  the  same  in  aE 

Hlmguafcs,  with  the  mn^  exception  of  the  symbol  As  (Axote),  used  by  the  French, 

F  vhne  other  languages  use  the  3>iDbol  N  for  nitrogen.     This  seems  due  to  an 

il^ilaoed  levereDce  for  Lavoisier,  the  great  French  chemist.     (See  Chap.  II.) 

Clwmistry  and  music  have,  therefore,  in  a  sense,  a  universal  language. 

The  student  is  confused  at  times  by  the  abstract  character  of  the  atomic 
vtigbu.  The  eymbol  O  represents  16  parts  by  weight  of  ox>'gen.  How  much 
fOf^m  does  it  stand  for?  The  atomic  weights  are  purely  relative.  The  atomic 
Vii^l  of  an  dement  may  be  eicpreseed  in  any  unit  of  weight  in  which  the  element 
orekmciita  with  which  it  is  cximpared  are  expressed.  The  symbol  O  represents 
Ift  grams*  ounoes»  pounds,  or  tons  of  ox>'gen  whenever  oxygen  is  compared  with 
\  grama,  ounces,  pounds,  or  tons  of  sodium ^  etc. 
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Formulm.  —  If  we  wish  to  escpress  the  composition  of  a  com- 
pound by  means  of  symbols,  it  is  the  chemical  convention  to 
^write  the  symbols  immediately  after  each  other,  using  subscripts 
^khere  more  than  one  atomic  weight  is  represented.  Thus; 
^^B|B  vpreeaes  the  composition  of  common  salt,  since  it  consists 
^^^HB  piiits  by  weight  of  the  element  sodium  and  35.45  parts  of 
BeUorine.  Again,  CusO  means  that  in  the  compound  cuprous 
"  iiiide,  for  every  16  parts  of  ox^^gen  there  are  2  X  63.6  of  copper* 
OuO  represents  the  composition  of  the  black  oxide  of  copper  and 
PbClf  of  lead  chloride.    These  combinations  of  symbols  are  known 

nuln*. 


The  value  of  the  atomic  weights  and  the  sjrmbola  representing 
them  will  now  begin  to  be  apparent  to  the  student.  The  method 
by  which  the  formulae  are  obtained  will  be  illustrated  from  time 
to  time  in  subsequent  pages.  In  the  laboratory  the  student  will 
be  called  upon  to  perform,  in  a  few  instances,  the  necessary  ex-'j 
perimental  steps  and  calculations.  ^ 


^ 


Equations.  —  By  means  of  symbols  and  formulse  it  is  very 
frequently  possible  to  represent  chemical  changes  very  briefly  and 
clearly,  so  that  a  glance  will  convey  information  it  would  take 
many  words  to  express.  To  illustrate:  If  we  take  silver  nitrate, 
which  we  know  to  be  composed  of  one  atomic  weight  of  silver  (sym- 
bol Ag  — 107.92),  one  atomic  weight  of  nitrogen  (N  =  14)  and  three 
atomic  weights  of  oxygen  (O  =  16),  and  treat  this  with  common 
salt,  which  consists  of  one  atomic  weight  of  sodiuip  (Na  =  23) 
and  one  atomic  weight  of  chlorine  (CI  =  55.45),  we  obtain  as  a 
result  eOver  chloride  consisting  of  one  atomic  weight  of  silver 
(107.92)  and  one  of  chlorine  (35.45)  and  sodium  nitrate  consisting 
of  one  of  atomic  weight  each  of  sodium  (Na  —  23)  and  nitrogen 
(N  ^  14)  and  three  atomic  weights  of  oxygen  (O  =  16).  This 
long  and  somewhat  complicated  statement  is  aU  embraced  in 
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long  and  somewhat  complicated  statement  is  aU  embraced  in  M 
k       the  equation  I 

m  .,         AgNO,  +  NaCl  -*  AgCl  +  NaNO,,  I 

I        where  the  sign  +  indicates  the  interacting  materials  and  the  -^B 

ium 
em- 
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the   direction    of    the    change*     This    equation   should   be   read: 
1        Silver  nitrate  and  sodium  chloride  give  silver  chloride  and  sodium 
nitrate.     In  a  similar  manner  we  may  express  some  of  the  chem 

fical  changes  we  have  encountered: 
Mg  +  O  ^  MgO  (p.  6), 
KNOi-^KNO, +  0  (p.  8),, 
^  Fe  +  S  -^  FeS  (p.  9), 

P  CuSO*  +  2NaOH  ^  Cu(OH)t  +  NasS04  (p.  9). 

This  method  of  expression  of  chemical  change  is  of  great  value, 
but  it  is  extremely  important  that  the  student  understand  its 
limitations  at  the  beginning.  The  equation  is  algebraic  in  form 
only.  The  left  side  of  the  equation  gives  no  indication  of  how 
the  right  side  is  obtained.  The  right  side  represents  the  same 
quantity  of  material  as  the  left,  since  the  law  of  conservation 
of  mass  obtains.     There  is  no  intimation  that  all  the  substances 
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Bled  on  the  left  are  converted  to  the  substances  on  the 

but  only  that  in  so  far  as  they  are  converted  the  quan- 

tititiire  rdations  indicated  hold  true.     There  is  also  no  intimation 

of  the  conditions  needed  to  produce  the  change.     For  example: 

Ifi  the  equation  first  given  there  is  nothing  to  indicate  that  the 

I    nbsiajiGee  must  be  in  eolution  in  order  that  the  reaction  may 

'    take  place,  yet  such  is  the  case.    In  every  equation  we  must 

by  some  means  know  both  sides  of  the  equation  before  it  may 

be  written.     When  occasion  arises  we  shall  enter  more  into  detail 

ngsrding  the  method  of  forming  the  equation.     In  the  equation 

last  given  above  it  will  be  noted  that  the  formula  of  sodium  hy- 

droside,  NaOH,  has  a  prefix,  2.     This  means  that  when  copper 

ndCate  is  treated  with  sodium  hydroxide  under  such  conditions 

that  copper  hydroxide  is  formed,  two  formula  weights  of  sodium 

hydroxide  are  required  for  each  formula  weight  of  copper  sulfate. 

By  the  term  '*  formula  weight ''  is  meant  the  sum  of  the  atomic 

««tghifi  of  the  elements  represented  in  the  formula.     The  formula 

vttgbt  of  copper  sulfate  is,  therefore,  63.6  +  32.06  +  (4  X 16)  =  159.66. 

That   of   sodium    hydroxide    is    23  +  16  +  1.008  =  40.008.     The 

•quation  then  states  that  the  relative  quantities  of  copper  sulfate 

iod  of  sodium  hydroxide  required  to  produce  copper  hydroxide 

lad  sodium  sulfate  are  as  159.66  to  80.016. 

■       Arithmetical  Calculutiona.  —  In  the  chemical  laboratoiy  we 
H  frequently  desire  to  know  how  much  material  must  be  us^  to 
p  pfodiiioe  a  definite  quantity  of  a  given  substance,  or  how  much 
material  may  be  produced  by  a  decomposition  or  by  an  exchange 
of  known  character.    In  such  calculations  we  invariably  use  the 
metric  sjrstem  of  measures  and  if  the  student  is  not  sufficiently 
familiar  with  these  measures,  so  that  he  forms  mental  pictures  of 
them  when  mentioned^  he  should  lose  no  time  in  becoming  familiar 
with  them.    A  table  of  metric  measures  and  their  English  equiv- 
alents is  given  in  the  Appendix.     Two  typical  examples  of  the 
methods  employed  may  be  given. 

If  20  grams  of  iron  are  to  be  completely  transformed  into  iron 
sulfidot  bow  much  sulfur  will  be  used  and  how  much  iron  sulfide 
wtU  be  produced?  We  must  first  know,  or  determine,  that  the 
compound  has  the  composition  expressed  by  the  formula  FeS,  i.e., 
the  equation  Fe  +  S  — ►  FeS  represents  the  chemical  change.  The 
oombtmng  weights  are  Fe  =  56,  S  =  32,  therefore  56  :  32  :  :  20  :  a:; 
X  20  =  lL43g.^  the  amount  of  sulfur  required.    Since 
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the  formula  weight  of  FeS  is  88,  therefore  56  :  88  :  :  20  :  x, 
88/56  X  20  =  31.43  g,  sulfide  is  formed.  In  the  reaction 
tween  silver  nitrate  aod  sodium  chloride  the  composition  of  tl 
reacting  substaDces  is  known  and  the  nature  of  the  change  when! 
they  interact;  therefore,  if  the  question  is  how  much  silver  nitrate] 
is  required  to  react  exactly  with  10  grams  of  sodium  chloride^  wej 
first  set  down  the  equation 

AgNOt  +  NaCl  -*  AgCI  +  NaNO,. 

Since  the  formula  weight  of  the  nitrate  is  (107.93  +  14  +  3(16)) 
=  169.93  and  of  sodium  chloride  (23  +  35.45)  =  58.45,  therefore ' 
169.93  :  58.45  \:x:  10,    or    169:93/58.45  X  10  =  29.073    g,;    the  i 
amount  of  silver  nitrate  required.     It  is  apparent  also  that  it  is 
equally  easy  to  find  the  quantity  of  silver  chloride  (AgCl)  and  of 
sodium  nitrate  (NaNOs)  formed  from  these  quantities  of  silver  ] 
nitrate  and  of  salt. 

Sufnwnary.  —  In  this  chapter  we  have  attempted  to  make  clear 
the  following  points:  The  science  of  chemistry  is  a  dependent 
part  of  science  in  general.  We  may  with  some  advantage  classify 
the  various  forms  of  matter  under  the  heads:  elements,  com- 
pounds, mixtures,  solutions.  We  may  consider  the  changes  we 
observe  as  either  chemical  or  physical.  Chemical  changes  are 
described  as  always  abrupt  and  accompanied  by  such  material 
alteration  of  the  properties  of  the  substances  changed  that  their 
identity  is  destroyed.  There  are  but  four  tjrpes  of  chemical  change. 
The  law  of  conservation  of  mass  obtains  with  chemical  changes 
as  well  as  with  physical  changes.  The  laws  of  definite  proportions, 
of  multiple  proportions  and  of  combining  weights  describe  the 
weight  relations  of  chemical  changes  in  such  manner  that  we  are 
able  to  express  the  weight  relations  of  the  elements  in  compounds 
by  means  of  definite  formulae,  and  of  chemical  changes  by  means 
of  equations. 

These  matters  have  been  presented  not  dogmatically,  but  with 
the  purpose  of  showing  how  and  why  they  were  developed.  If 
the  student  has  had  no  previous  experience  in  chemistry  he 
may  find  the  discussion  dry.  He  may  also  fail  to  see  very  clearly 
how  the  knowledge  of  these  points  will  be  helpful.  He  may,  how- 
ever, rest  assured  that  they  are  fundamental  parts  of  the  machinery 
by  which  he  may  ultimately  hope  to  gain  control  over  a  vast  and 
useful,  as  well  as  beautiful,  portion  of  the  field  of  science. 
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Efcrciaes*  —  1  *    Define  a  science.     Explain  how  knowledge  may 
LQnicieiitific.     Why  is  science  subdivided?    Why  are  the  bourjd- 
i  of  a  given  branch  of  science  indistinct?    Why  is  chemistry 
1? 
X  De&tie   the  word  element.     What  were    the  Aristotelian 
daneote? 

3^  Ucvw  are  the  various  changes  which  matter  undergoes  classic 
In  the  interval  between  the  beginning  and  the  end  of 
changie  in  a  given  portion  of  matter  what  occurs? 
L  Make   a   list  of  ten   changes  you   have  observed   in   the 
twenty-four  hours,  classify  them  as  physical  or  chemical, 
\od  pve  your  reason  for  each  assignment. 

_  3,  In  a  sawmill  one  may  observe  the  following  changes:  mo- 
I  of  logs  and  lumber,  heating  of  boilers  and  engines,  formation  and 
50  of  Steam,  burning  of  waste  wood,  distribution  of  gases 
ilizoQ^  the  atoosphere,  rusting  of  iron,  and  drying  of  wood.  Which 
of  these  involve  physical,  and  which  chemical  change?  Explain 
jooeraDSwer* 

8.  Qte  three  natural  laws  and  three  mandatory  laws. 
7*  Take  a  text-book  on  chemistry  and  select  from  the  chemical 
fimigBS  there  described,   three  which  are  decompositions,   three 
ijfiilheseSv  three  exchanges. 

8.  8deci  a  chemical  change  which  goes  on  in  your  room,  Idtch- 
m^  baseoient,  bam  or  garage  and  state  from  what  properties  you 
tiller  the  change  to  be  chemical, 

9.  Dtstinguish  between  fact  and  law.  State  some  law  and  tell 
vhy  it  is  a  law.     Of  what  use  are  laws  in  science? 

10.  Express  the  composition  of  the  following  compounds  in 
(enns  of  atomic  weights  or  their  integral  multiples:  cupric  oxide, 
enpfoos  sulfide,  mercuric  chloride,  hydrogen  sulfide* 

Ih  If  a  compound  has  the  composition  shown  by  the  formula 
FeCltv  how  much  iron  would  be  required  to  make  one  pound  of  it? 
How  many  grams  of  chlorine  in  50  grams  of  the  compound? 

IZ  If  the  equation,  Fe  +  S  — ►  FeS,  represents  the  reaction  be- 
tween iron  and  sulfur  in  fomiing  iron  sulMe,  bow  many  grams  of 
voo  are  required  to  form  20  g.  iron  sulfide? 

13*  Show  how  the  following  analyses  of  three  oxides  of  nitro- 
gm  flhislraie  the  Law  of  Multiple  Proportions: 
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H.  Two  oxides  of  a  metal  contain  22.53  and  30.38  per  < 
oxygen.  If  the  formula  of  the  first  oxide  be  MO,  what  will  be  1 
of  the  second? 

15.  The  following  table  contains  the  analyses  of  a  list  of  c 
pounds.  Starting  with  oxygen  as  8,  calculate  the  equivalent  wei| 
of  the  other  elements. 

^  Par  otoi.  P^r  oent. 

Wftter:  Hydrogen 11.18,  Oxygen 88.81. 

Hydrogen  chloride:  Hydrogen 2.76,  Chlorine 97.23. 

Silyer  chloride:         Silyer 75.25,  Chlorine 24.74. 

Send:  SHioon 46.93,  Oxygen 53.07. 

16.  State  in  words  the  information  conveyed  by  the  syn 
"CI";  by  the  formula  "jNaCl";  by  the  equation,  FeCU  +  Zi 
ZnCls  +  Fe. 

What  weight  of  sine  will  displace  50  g.  of  iron  in  the  ab 
interaction? 


CHAPTER  II 
OXYGEN 


jtian*  —  The  study  of  the  elements  and  tbeir  com- 
[may  be  begun  with  any  element  we  choose,  yet  there  are 
JDS  which  lead  us  to  select  oxygen  as  the  starting  point* 
dement  which  is  found  both  free  and  combined.     It  com- 
with  almoBt  all  the  other  elements^  and  its  compounds  are 
commonest  substances.     It  can  be  prepared  in  a  pure  state 
ly  and  cheaply  and  its  preparation  is  easy  for  beginners.    The 
lents  which  illustrate  its  behavior  are  easily  performed,  are 
^y  interesting  and  may  be  made  very  spectacular.    Tile 
of  modem  chemistry  begins  with  the  discovery  of  oxygen, 
common  consent  it  has  been  made  the  fundamental  element 
Tdienucal  system.     For  these  reasons,  as  well  as  many  others, 
may  begin  our  systematic  study  of  the  elements  and  their 
9imd3  with  oxygen.     In  its  study,  as  with  all  other  elements, 
pursue  the  plan  of  presenting  the  subject  matter  under 
8ab4ieadsy  Occurrence,  History,  Preparation,  Physical  Proper- 
Chemical   Properties,  Uses   and  Compounds.     Under   these 
we  will  also  present  such  generalizations  as  are  specially 
by  the  dement  under  consideration,  or  as  are  needed  for 
fiatasfactory  presentation  of  the  topic  under  discussion.    As 
rial   offers,  and  the  development  of  the  subj^t  demands, 
[  chapters  dealing  with  the  methods  of  work,  with  hypotheses, 
with  generalizations,  will  be  introduced*    These  wUl  be  pre- 
only  after  the  need  for  them  is  felt. 


Occurrence,  —  Oxygen  is  found  free  in  the  air,  mixed  with  a 
amount  of  nitrogen  and  small  amounts  of  many  other  sul>- 
20,8  per  cent  by  volume  and  23.1  per  cent  by  weight  of 
'  18  the  free  element.  Water  is  88*8  per  cent  oxygen.  Sand 
ly  when  pure  are  about  53  per  cent  oxygen  and  in  many 
rocks  the  percentage  is  nearly  as  great.  Limestone  is 
ceol  oxygen.    It  follows  then  that  bricks,  mortar,  cement, 
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plaster,  etc,  are  largely  oxygen*  Vegetable  substances  frequenl 
contain  oxygen,  50  per  cent  to  70  per  cent.  The  human  body 
approximately  66  per  cent  oxygen  and  those  of  other  animals  coa* 
tain  the  element  to  a  simitar  extent.  Many  manufactured  articks 
aleo  frequently  contain  large  quantities  of  this  all  but  omnipreeeflt 
element* 

HtMiory,  —  The  important  part  played  by  oxygen  in  the  develops 
ment  of  chemistry  cannot  be  fully  appreciated  at  this  stage.  As 
the  subject  is  developed  this  will  become  increasingly  apparent 
A  short  discussion  will  at  least  be  interesting  and  perhaps  stimu- 
lating. For  many  centuries  the  air  was  considered  an  elemeiit| 
(See  p.  3.)  In  1774  Priestley  (see  Thorpe's  Chemical  Essays  , 
Alembic  Club  Reprint,  No.  7),  an  English  minister,  became 
terested  in  the  substances  produced  by  heating  various  bodie 

in  closed  vessels^  by  means  i 
a  lens.      (Fig.   3   shows   tij 
character  of  his  apparatu 
Among  other  things  so  heat 
was  the  substance  known 
mercuric  oxide.    This  he  knew 
by  the  name  **  Mercurius  Ca 
cinatus  per  se,**     When  tl 
was  confined  above  mercu 
in  a  glass  vessel  and  the  he 
of  the  sun's  rays  concentrat 
upon  it  by  means  of  the  le 
a  very  large  amount  of  "i 
or  gas  was  formed.     This 
was  upon  investigation  fou 
to  support  combustion  mo 
readily  than  ordinary  air  all 
a  mouse  lived  in  it  longer  than  one  could  in  the  same  amount  of  i 
Scientists  at  the  time  very  generally  held  the  phlogistic  *  theory  to  1 

*  The  Phlogiatic  HypothesiB.  The  remarkable  fact  that  ordinarily  when  i 
Btances  burn  eomething  seems  to  escape  from  the  burning  body,  as  evident  fr 
the  upward  rushing  of  the  flame^  led  to  the  gradual  development  of  the  phlogia 
hypothesis^  which  is  uaually  credited  to  Becher  (1635-1682)  and  Suhl  (1G60-173 
Substances  were  supposed  to  be  combustible  because  they  contain  a  factor,  ph 
giston,  which  escapes  during  combustion.  The  air  already  contains  some  phlo 
ton  from  previous  combustions,  but  can  take  only  a  limited  amount,  hence,  if] 
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below)  and  Priestley,  therefore,  failed  to  recognize  the 

iple  form  of  matter,  but  conaidered  it  as  air  from  which 

n  had  been  extracted.     He  called  it  "dephlogisticated 
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ibout  the  same  time,  Scbeele,  a  Swedish  scientist^  also  dlB- 

that  oxygen  could  be  obtained  by  heating  various  sub- 

,  including  potassium  nitrate  and  manganese  dioxide,  but  his 

as  not  pubUshed  so  soon  as,  nor  did  it  have  the  same  far 

I  resulte   as,  Priestley's  ^_^^^^ 

LaYoidier,  a  French  sci-  /^   iS^^\     i^\ 

learning  of  Priestley's 
|(ra8  able  to  ehow  that 
f  could  be  converted  to 
^,  ue.f  calcined  or  rusted 
^g  in  the  air,  and  that 
same  time  some  of  the 
ppeared.  The  apparatus 
;  shown  in  Fig.  4.  The 
of  the  air  which  would  not 
ith  the  mercury  was  inca- 
f supporting  combustion  or  respiration.  He  called  this  residue 
crom  a  =  not  and  Cm^  =  living).  By  heating  the  calcined 
r  to  a  higher  temperature  the  portion  of  the  air  which  had 
iporbed  was  regained.  Priestley's  air  is,  therefore,  one  of  the 
^ts  of  ordinary  air  and  combustion  consists  in  the  union 

B  be  burned  in  a  limited  amount  of  air  the  combustion  fftope  when  the  air 
led  with  fdklogiston  just  &b  water  dififiolved  salt  to  a  certain  extent  and* 
mmted,  eolutioo  oeaecs.  It  wm  known,  of  courae,  that  certain  mibetanoee, 
id,  inuiy  etc,,  increased  in  weight  on  being  bumed,  but  this  was  met  by 
B  phtoptUm  to  be  a  principle  of  levity,  i.e,,  to  have  a  negative  weight. 
ptkmm  warn  offered  ae  an  explanation  of  oombustioii  and  from  it  terms 
lived  0uch  M  aboiw  given  for  oxygen.  (See  alao  hydrogen.)  (For  an 
I  aoQcnsi  of  Phlogiston  eee  EodweD,  Phfl.  Mag.,  1868} 
iibovv  explanation,  inoorrect  as  it  it,  is  given  partly  because  of  ite  hia* 
iMSt^  IfUi  also  ae  an  interesting  example  of  what  is  known  as  an  explaaa- 
1^  ill  terms  of  the  phlogistic  theory*  the  air  obtained  by  Priestley  waa 
jfirafrMf,  i.€.,  it  was  air  from  which  phlogiflton  had  been  removed  and  by 
Lee  ft  oocild  take  up  more  phlogiston  than  eoald  the  same  quantity  of 
lair.  It  will  be  seen  that  this  is  simply  a  statement  in  some  detail  ^ 
^  ibe  behavior  of  PHestley^s  air.  This  is  ati  an  explanation  is,  and,  af  ' 
la,  it  may  easily  be  inoorrect.  What  we  believe  to  be  a  correct  explana^ 
i  pg%)oem  of  oombnelioD  is  that  furnished  by  Lavoiner  (vide  infra). 
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of  this  substance  with  the  material  burned.  Lavoisier  proposed 
that  the  element  be  called  oxygen  (from  ofus  =  acid  and  ytvtjt 
=  producing),  because  he  supposed  it  to  be  essential  to  the  for- 
mation of  acids.  This  explanation  of  combustion,  together  with 
other  contributions  of  Lavoisier,  gave  such  stimulus  to  chemiGal 
study  and  at  the  same  time  furnished  a  more  precise  basis  for  classi- 
ficatioD,  that  chemistry  is  sometimes  said  to  have  been  founded 
by  Lavoisier,"^  In  presenting  the  above  facts  the  student  is  nol 
to  infer  that  the  existence  of  oxygen  was  first  noted  by  Priestley, 
It  had  been  previously  prepared  by  others.  Its  existence  and  rela- 
tionship to  air  were  known  to  the  Chinese  even  centuries  ago^ 
It  was,  however,  Priestley's  discovery  which  became  effective  iJil 
promoting  the  development  of  the  subject.  It  is  usually  the  obi 
servation  that  produces  subsequent  development  which  is  regarded 
as  a  discovery. 

PreparaUan*  —  The  individual  processes  for  the  preparatioi 

of  oxygen  are  very  numerous.     Below  are  given  certain  methods. 
Each  method  may  include  several  processes  of  like  type. 

L  From  the  Air.  Since  oxygen  is  present  in  the  air  in  such  large 
quantities,  the  air  might  be  expected  to  be  the  most  convenient 
source  from  which  to  obtain  it  in  the  pure  state.  This  is  not  thi 
fact.  However,  if  air  is  converted  to  the  hquid  state  (ef,  p.  278) 
and  is  then  allowed  to  evaporate,  since  the  other  components  ol 
the  air  are  more  or  less  volatile  than  oxygen  by  selecting  the  propef 
fraction  of  the  vapor  and  collecting  it  in  suitable  vessels  nearly 
pure  oxygen  may  be  obtained.  This  process  requires  rather  elabo*^ 
rate  and  expensive  apparatus  and  also  considerable  skill  and  ex* 
perience  on  the  part  of  the  operator.  It  is  not  used  in  small  scali 
operations.  Also  when  air  is  dissolved  in  water  the  amount  oi 
oxygen  dissolved  is  relatively  greater  than  the  proportions  found 
in  air.  The  dissolved  gases  may  be  extracted  from  water  by  meani 
of  an  air  pump  and  the  operation  repeated,  in  this  manner  nearly 
pure  oxygen  has  been  obtained.     This  process  is  impractical. 

2,  From  Water  by  Electrolysis.  If  water  is  slightly  acidified 
it  becomes  a  good  conductor  of  the  electric  current,  and  when  th^ 
current  is  passed  through  the  solution,  the  result  is,  in  effect,  th< 
separation  of  the  water  into  its  constituent  elements,  hydrogen  and 

*  Lavoisier's  life  was  full  of  incident  and  fruitful  of  coDBequence  and  had 
much  of  romance  and  tragedy.  The  student  will  enjoy  reading  Heroes  of  Scienoo^ 
pp.  79^105,  and  Thorpe's  Chemical  Essays,  p,  123. 


OXYGEN 


39 


(K? 


; 


i- 


Dxygen,  though  this  is  by  do  nieaas  the  whole  story  connected  with 

operation*  One  form  of  the  apparatus  used  is  shown  in  Fig.  5. 
The  gas  produced  in  smaller  volume  is  oxygen  and 
lay  be  collected.  This  method  is  in  use  for  the 
)reparation  of  oxygen  for  commercial  purposes, 
l>ut  is  not  the  most  convenient  method  for  labora- 
^ry  preparation, 

3*  From    Oxygen    Compounds    by   Heating 
lem.     Substances  which  contain  oxygen  may 

decomposed  by  heat  and,  under  proper  cir- 

i8tanc.es,  the  oxygen  so  liberated  may  be 
conveniently  collected.  The  substance  most  com- 
monly used  for  the  purpose  is  potassium  chlorate 
(KClOj),  which  contains  approximately  39  per 
cent  oxygen,  all  of  which  may  be  liberated  by  a 
rather  small  increase  of  temperature  (351*  CO- 
A  convenient  form  of  apparatus  is  shown  in  Fig, 
6.  While  the  statement  at  the  opening  of  this 
paragraph  is  doubtless  true^  it  must  not  be  in- 
ferred that  it  IS  of  no  consequence  what  oxygen 
compound  is  heated.  Oxygen  is  Uberated  from 
certain  compounds  at  or  below  the  ordinary  tem- 
perature, i.e.,  the  substances  are  only  to  be  had 
at  low  temperatures.  Other  substances  require 
such  very  high  temperatures  as  to  be  beyond 
the  range  of  an  ordinary  heating  device.  Thus 
with  an  ordinary  burner  oxygen  may  be  obtained 
by  heating  barium  dioxide,  potassium  nitrate, 
manganese  dioxide,  etc.  The  temperature  at- 
tained by  means  of  a  blast  lamp  is  required  for  the  decomposition 
of  potassium  bichromate.  Other  substances  spch  as  sand  must  be 
heated  to  a  still  higher  temperature  before  oxygen  is  liberated. 
This  is  the  ordinary  laboratory  method. 

Which  substances  may  be  used  as  a  source  of  oxygen  is  deter- 
mined also  by  other  considerations  than  the  temperature  required. 
The  substance  may  be  so  expensive  as  to  cost  more  than  the  value 
of  the  products.  The  other  products  of  the  decomposition  may 
be  of  such  character  as  to  be  undesirable  and  render  the  collection 
of  the  oxygen  difficult.  The  material  used  may  be  such  as  to 
render  breakage  or  destruction  of  the  apparatus  probable.  In 
general)  the  choice  of  materials  serving  as  possible  sources  of  the 
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gas  is  detennined  by  economy  ia  cost  of  production,  taking  in^ 
account  raw  materials,  time,  energy,  convenience,  cost  of  app 
tua,  labor,  etc. 

4.  Special  Processes.    Two  special  processes  for  the  preparai 
tion   of  oxygen   may   be  given,   Brin*s   process  and  the  oi 
process. 

If  the  substance  barium  oxide,  BaO,  is  heated  to  about  500** 
in  a  current  of  air,  it  takes  up  oxygen  and  is  converted  into  bariu 
peroxide,  BaOa.     This  fact  may  be  expressed  equation  wise:    Ba(] 
+  0  — *  BaOi  (1).     If  now  the  peroxide  be  heated  to  upwards  \ 
700**  C,  oxygen  is  liberated  and  the  barium  oxide  again  forme 
That  is,  BaO«  -*  BaO  +  O.     Indeed  it  is  found  that  if  the  ftp 
paratus  is  maintained  at  700**  and  air  is  pumped  in  at  about 
pounds  pressure  the  reaction  goes  as  indicated  in  equation  (ij 
If  when  this  reaction  is  complete  the  air  current  is  shut  off  and  j 
suction  pump  is  applied  the  oxygen  is  given  off  and  may  be  pump 
into  cylinders.    The  equation,  Bad  ^  BaO  +  0,  may  be  writi 
to  express  Brin's  process. 

The  oxoi*e  process  makes  use  of  sodium  peroxide,  NasOs, 
water.  The  reaction  takes  place  at  the  ordinary  temperature  wh^ 
water  is  brought  into  contact  with  the  peroxide.  The  reaction  ma 
be  indicated  by  the  equation  NaaOi  +  HtO  — ^  2NaOH  +  0. 
process  is  the  one  usually  employed  to  furnish  oxygen  for  the 
of  physicians  and  for  "  lung  motors  "  (t^  Uses). 

Catalytic  Action,  — When  potassium  chlorate  is  heated  alon 
it  melts  and  oxygen  begins  to  come  off  only  when  a  temperatt 
above  the  melting  point   is   reached.     Manganese   dioxide   do 
not  give  oxygen  until  heated  to  AO(f  C.  or  above.     If,  however, 
httle  manganese  dioxide  is  mixed  with  the  potassium  chlorate,  tl 
mixture  begins  to  give  oxygen  before  200*^  C.  is  reached,  and  all  tl 
oxygen  of  the  chlorate  may  be  removed  at  that  temperature,  whi| 
the  manganese  dioxide  may  be  regained  unchanged  after  the  op 
ation.     Such  behavior  is  not  uncommon  in  chemical  reactions,  an^ 
indeed  in  the  present  case,  the  decomposition  of  the  chlorate  ma 
be  facilitated  by  the  presence  of  lead  peroxide,  ferric  oxide 
other  substances. 

Such  a  reaction  as  that  above  described  is  known  as  a  catal^ 
action,  and  the  process  as  catalysis.      The  added  substance 
called  a  catalytic  agent  or  a  catalyzer  (from  Kara  -  down  ai 
AvtTis  =  the  act  of  loosing).    A  catalyzer  may  be  defined  as  a  8u| 
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ituice  which  affecis  the  speed  of  a  chemical  chaage  without  itself 
Mbb  permanently  affected  by  the  change. 

This  subject  will  be  more  fully  discussed  later^  but  the  attention 

d  the  student  should  be  called  to  the  form  of  the  above  statement. 

K  catalyzer  may  be  either  retarding  or  accelerating  in  its  action 

md  in  some  cases  the  exact  mode  of  its  action  may  be  known. 

Tboa  catalysis  is  not  necessarily  a  mystery,  as  is  so  often  the  view 

of  it  held  by  both  student  and  teacher. 

Mmtdng  an  Equation,  —  In  order  to  properly  express  the 
ckeoiical  changes  discussed  in  the  preceding  paragraphs  by  means 
ofequatioDSy  we  must  first  know  the  exact  composition,  ix.,  formula, 
o(  the  substances  decomposed  (vide  infra).  We  must  also  know 
eciclly  what  the  products  are  and  how  much  of  each.  If  the 
compoeition  of  potassium  chlorate  is  correctly  given  by  the  formula 
KCIOi,  and  we  find  upon  investigation  that  all  the  oxygen  may 
be  liberate  by  heating  and  that  the  residue  is  a  substance  known 

^■l  polaasium  chloride,  with  the  composition  shown  by  the  formula 

HnX  we  may  then  write  the  equation  KCIO3  -*  KCl  +  30. 

f        Similarly,  when  the  necessary  facts  are  in  our  possession,  we  may 

I    Wftte  the  other  changes  mentioned  as  follows: 

^  HgO  -  Hg  +  0, 

^P  BaOs  -»  BaO  +  0, 

^  3MnO,  -^  MntOi  +  20. 

It  will  be  observed  that  both  sides  of  the  equation  must  be  known. 
The  ultimate  source  of  this  information  is  the  laboratory  through 
qoantitative  experiment,  though  of  course  if  the  results  of  such 
«qieriments  are  embodied  in  text-books  or  scientific  memoirs,  we 
nay  gain  the  needed  information,  if  we  but  know  where  to  look, 
vhliout  personal  appeal  to  the  laboratory.  The  point  to  be  es- 
pecially emphasized  here  is  that  only  in  the  laboratory  could  it  be 
(boovered  that  the  products  of  heating  manganese  dioxide  are 
Diygen  and  a  compound  having  the  formula  Mn^Oi,  and,  therefore, 
it  least  three  formula  weights  of  manganese  dioxide  must  be  de- 
ooipOied  to  produce  one  formula  weight  of  the  *'manganous 
lie  oxide"  (MujOi),  or  hausmannite. 

fh  '  Proper  lies,  —  In  the  preceding  discussion,  no  mention 

^     U  :e,  except  in  connection  with  Priestley's  experiment, 

^the  properties  of  this  element* 
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If  the  apparatus  shown  in  Fig,  6  is  used  for  heating  a  mixture | 
of  potassium  chlorate  and  manganese  dioxide  and  the  delivery  tube[ 
is   placed  beneath  the  mouth   of  a  vessel  filled  with  water  and  I 
inverted  io  the  pneumatic  trough  (irv€v^  =  air},  the  oxygen,  di 
given  off;  will  displace  the  water*    At  first  the  gas  may  appear  more 


or  less  foggy,  but  this  is  due  to  solid  particles  carried  over  mechani- 
cally by  the  rush  of  gas  from  the  generator.     After  standing  fori 
a  time,  this  cloud  wiU  disappear  and  the  gas  wUl  be  observed  taJ 
be  completely  colorle^*     Further  investigation  reveals  the  facti 
that  it  is  also  tasteless  and  odorless.     These  and  other  important  j 
physical  properties  of  oxygen  are  listed  in  the  following  table* 
The  student  who  has  had  but  little  training  in  physics  will  not 
the  significance  of  all  the  properties  listed  and  the  discussion  of  some 
of  them  is  deferred  to  subsequent  chapters. 

L  Colorless. 

2.  Odorless. 

3.  Tasteless. 

4.  Solubihty  in  water,  4  cc.  to  100  at  0*  C, 

5.  Color  in  liquid  state,  pale  blue. 

6.  Boiling  point,  -182.5^0. 

7.  Melting  point,  -227=^  C. 

8.  Specific  gravity  (air  —  1),  1.105. 

9.  Density  (H  -^),  15.96. 

10.  Weight  of  1  liter  ^  1.429  grams. 

11.  Specific  gravity  of  liquid  (water  =  1),  L13. 

2.  Critical  pressure,  50  atmospheres. 

3,  Critical  temperature,  —US'*  G. 
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Sotttbiiitx.  —  It   will  be  obaerved  that  while  oxygen  ia  not 

ly  insoluble  in  water,  yet  it  may  be  collected  over  water  with- 

waste.     This  is  especially  true  because,  as  is  generally 

\  of  ipises,  the  solubility  decreases  with  increase  of  temperature, 

;  nil  at  lOO**  C.    At  room  temperature,  15°  to  20°,  the  solu- 

r  is  Irom  3.4  to  3  cc.  per  1 00  cc.  of  water.    The  amoun  t  of  oxygen 

[it  as  dissolved  gas  in  ordinary  water  is  much  less  than  the 

given.    When  any  gas  is  dissolved  in  water  the  quantity 

rtved  varies  as  the  pressure  of  the  gas  (Henry's  Law).     Also, 

I  mixture  of  gases  each  gas  dissolves  independently  of  the  others 

at.     Consequently,  water   may   dissolve   only  one-fifth   the 

itity  of  oxygen  from  the  air  which  may  be  dissolved  from  an 

phere  of  pure  oxygen.     Ordinarily,  also,  water  is  not  com- 

Jy  saturated  with  air.     Nevertheless  this  amount  (less  than 

0.6  to  0.7  cc.  per  100  cc.  of  water)  is  all-important  to  sub- 

ic  Ufe,  since  fishes  and  subaquatic  plants  respire  oxygen  and 

!  Ihk  dissolved  gas  in  their  respiratory  processes. 

Gm  MMSDremeat.  — The  relative  weight  of  different  gases  k  frequently 
by  eotnpanng  them  with  a  Btandard  gas.  The  mo^  frequeDily  uaed 
\  of  oomparison  is  air.  If  we  were  to  detenmne  the  wei^t  of  a  given 
t  of  oiygen  and  compafe  this  weight  with  that  of  the  saina  volume  of  air 
mdrnthnmime  moditioaa  we  would  fmd  the  ratio  of  the  weigbta  to  be  1.105  to  h 
He  iTJiliTi]  weighta  of  gases  compared  with  air  as  unity  is  terroed  the  spe/^ifio 
pivitj  of  ffwea.  The  chemist  not  infrequeatly  wiabes  to  compare  the  weight  of 
ft  ftim  00  with  another  standard,  e.g,,  with  hydrogen.  Thua  the  density  of 
15.96  tunes  that  of  hydrogen  under  the  same  conditions.  Since  the 
( in  Tolnme  with  change  either  of  temperature  or  of  pressure,  if  we 
I  lo  cj4inieu  the  weight  of  a  definite  volume  of  any  gas  we  must  specify  the 
and  prcBBure  under  which  the  gas  volume  is  measured.  By  coii- 
I  are  flflBumed  to  be  wei^ied  at  a  temperature  of  0^  C.  and  a  presBuro 
I  Id  Ikal  cnrted  by  a  column  of  mercury  at  0*^  C.  and  760  mm,  in  k'ngth. 
■a  etandard  conditions.  Thus,  when  we  say  that  ft  Uter  of 
i  1.4290  grams  we  imply,  whether  we  state  tt  or  not,  at  atandaid 
Siiioe  0*  is  an  inconvenient  temperature  at  which  to  work  ftod  uoft 
ipni  are  iMiftlly  tnoaaured  over  menrury  or  water  at  preeaiirea  wliifili  halaooft 
\.  preasuie,  which  is  seldom  at  the  standard  vaJne,  the  ordinary 
i  m  to  measura  tlie  volume  of  a  gas  at  whatever  temperature  or  pramre  li 
\  ftod  tlieD  oftlcolate  the  Tdmne  it  would  have  at  standard  ooodMooi/ 
involvea  certain  principles  which  are  a  pait  of  every  ooone  III 
»  bill  are  here  given  for  the  aake  of  oompleteoan.  (For  lute 
I  OOMylt  tevt-booka  on  pliynca.) 
BlyM  ILmt*  —  Boyle  (1660)  made  the  obaervadioQ  that  gaaes  all  bebavo 
rfy  toward  dbma^  m  prcamre,  the  iemfMntaift  Wag  oooalftiii.    Thm  niU 
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may  be  varioualy  etated.  The  volume  of  gas  vftiies  inverseiy  with  Hie 
or  in  other  words,  the  volume  times  the  pressure  is  a  constant,  or  a^ain,  the 
centration  of  a  gaa  variefi  directly  with  the  pressure  upon  it.  It  follows 
n  gas  is  measured  at  some  pressure  other  than  the  standard  preaaure,  the 
under  standard  pressure  may  be  found  by  multiplying  by  the  ratio  of  one  pi 
to  the  other.  An  example;  Suppose  we  have  a  volume  of  gas  which 
60  cc.  at  almoepheric  pressure  and  the  corrected  barometer  reading  (see  belov) 
la  748  mm.  Then  at  760  mm.  the  volume  will  be  748/760  X  50  equals  40.2  ot 
It  will  be  9een  that  to  hnd  the  volume  at  a  given  pressure  when  the  volume  at  127 
other  presBure  Is  known  it  is  only  necessary  to  multiply  by  this  ratio.  To  delff- 
mine  which  number  ta  the  numerator  it  is  only  necessary  to  consider  whfitfas  lli 
Tolume  will  increase  or  decrease,  because  of  the  change.  To  iUuatrate  agpiD: 
If  a  gas  volume  is  100  cc,  at  770  mm.,  its  volume  at  720  mm.  is  (770/720  X  lOOO 
106.94  cc.  The  Law  of  Boyle  is  also  known  as  Mario tte's  Law  because  it  wm 
discovered  independently  by  Mariotte  in  1677. 

Chfljies'  Law*  —  In  1737,  Charles,  a  Frenchman}  reached  a  conclusion  witii 
regard  to  the  change  of  gas  volume  with  change  of  temperature,  which  obeervt* 
tion  was  also  independently  made  by  Dal  ton  and  Gay-Lussac  (1802)  and  by  than 
brought  into  general  recognition.  It  is  sometimes  known  by  the  name  of  Gty- 
Lussac's  Law.  It  may  be  stated:  The  pressure  remaining  constant^  gas  voltint«t 
fmry  1/273  <}f  their  Taiue  tt  0°  C«  for  every  change  of  one  degree  centigrade.  It 
wiU  be  observed  that  if  this  rule  should  hold  rigidly  for  all  temperatures  all  gB« 
volumes  would  become  zero  at  —273*'  C*  This  temperature  is,  therefore,  called 
the  absolute  xero,  and  we  may  reckon  the  changes  on  this  scale.  So  long  as  gisei 
ebey  this  rule  their  volumes  vary  directly  as  the  absolute  temperature,  the 
pressure  remaining  constant.  Temperatures  on  the  centigrade  scale  may  be 
converted  to  absolute  readings  by  mere  addition  of  273*.  This  furnishes  ths 
most  convenient  method  of  converting  observed  gas  volumes  to  standard  con- 
ditions  when  measured  at  any  other  temperature.  To  illustrate:  If  a  gaa  volume 
is  100  cc.  at  a  temperature  of  15^  C,  it  becomes  on  cooling  to  0°  (273/288  X  100) 
94,8  cc.,  or  a  gaa  volume  of  100  cc.  at  -  lO*"  C.  becomes  at  20**  C.  (293/263  X 
100)  111.4  cc.  Since  the  influence  of  temperature  and  pressure  upon  gai 
volumes  are  independent  functions,  both  corrections  of  gaa  volume  may  be 
applied  independently  and,  therefore,  if  we  wish  to  find  the  volume  of  any  gas  at 
standard  conditions  when  measured  under  other  conditions  it  is  only  neoessaiy 
to  successively  make  application  of  these  two  principles.  Thus,  if  we  desire  the 
volume  under  standard  conditions  of  a  gas  volimae  measuring  100  cc.  at  a  tem- 
perature of  76"  C.  and  740  mm.  preesure  we  have:  100  X  273/348  X  740/760  - 
76.4  cc. 

Water  Vapor  Correction.  —  Since  gases  are  frequently  measured  over  water 
and  water  vapor  is  formed  and  occupies  a  part  of  the  space  apparently  occupied 
by  the  gas,  it  is  necessary  to  make  correction  for  this  in  work  which  is  at  all 
accurate.  To  illustrate:  In  Fig.  7  we  have,  let  us  say,  100  cc.  of  oxygen  at  at* 
mospheric  pressure,  since  were  it  not  at  atmospheric  pressure  the  water  would 
either  be  forced  up  the  tube  perhaps  to  .-1  by  the  outoide  pressure  if  greaterp  or 


to  B  were  the  inside  pressure  greater.  Since,  however,  it 
ean  \emm  the  proomire  of  the  gas  by  referring  to 
whicb  reooidB  the  preestire  of  the  air^  and, 
of  the  lOD  oc.  of  giu  in  the  vewel.  Not  all 
raeiii  19  oxygen,  nnoe  eoms  water  vapor  b 
w^h  tl.  Were  this  withdrawn  and  no  more 
to  eater,  clearly  the  pressure  on  the  outside 
be  ike  greater  and  water  would  be  forced  into 
tAt.  The  pressure  of  water  vapor  under  such 
is  a  function  of  the  temperature  only,  and 
^Ika  Apfieodix  wtU  be  found  a  table  showing  this 
(aqueous  tension)  for  temperatures  from  0^  C. 
MXT  C.  It  will  be  obvious  that  if  we  wish  to  obtain 
He  preaaore  due  to  the  oxygen  alone  it  is  only  necessary 
Ib  MJbtnct  from  the  observed  barometric  reading  the 
apnoi  leoaioo  for  the  temperature  at  which  the 
Wfisirfffmint  is  made.  Therefore,  100  cc.  of  a  gas  at 
tI*C.  and  740  mm.  measured  over  water  will,  if  dry, 
9tmaf  m  voliime  under  standard  conditions  found  as 


elands  at 


740  —  lo  7       27^ 
100  X        j^^     ^m^  90.26  ce. 


-- ; 


Fio.7. 


Ceoectioa  for  Barometric  Reading.  —  In  stating  standard  conditions  the 
Standatd  presure  is  760  mm.  of  mercury  at  0*^0.  Mercury  expands  on  being 
wwiitMJ  and  ft  is,  therefore,  clear  that  the  pressure  of  a  column  760  mm.  in  length 
il  15^  C.  is  not  the  aame  as  at  0"  C.  While  the  observed  barometric  readings  are 
wt  Tcry  differsni  from  what  they  would  be  were  the  barometer  kept  at  0**  C,  yet 
h  fvy  ftoouraie  work  this  correction  also  must  be  kept  in  mind  in  order  to 
soamt  the  berometric  reading  at  room  temperature  to  the  value  at  0°  C.  It 
eii  be  noted  that  this  value  is  also  to  be  subtracted  from  the  observed  baro- 
ttifa  M^t.     U  the  barometer  were  also  at  15*^  C,  therefore,  in  the  above  case, 


,„^m^^:zJ^^.^, 


^■b  f«)iiSB>»  oi  the  oxygen  under  standard  oonditions. 
^^btoelion  values  «se  Appendix.) 

I        Chs 

I    Hum  i 
I    ebemia 


(For  a  table  of  barometric 


Ckmmieat  Properties,  —  The  chemical  properties  of  a  sub- 
Hince  include,  the  list  of  other  substances  with  which  it  interacts 
ebemJCftlJy,  the  character  of  the  substances  produced,  the  various 
t^pes  and  conditions  of  reaction,  the  speed  of  reaction  and  the 
fioergy  reJations  involved.  In  a  description  of  the  chemical  prop- 
erties of  an  element  ordinarily  only  the  more  important  properties 
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Direct  Unioa  with  Elemeats.  —  Oxygen   unites   more  or  ]m 
readily  with  all  the  other  elements  except  fiuorine  and  broi 
and  the  group  of  inactive  elements  known  as  the  argon   U 
{vide  p.  275),     The  products  are  called  oxides.     A  few  illusti 
examples  of  the  direct  union  of  oxygen  are  described:    If  a 
amount  of  red  phosphorus  is  placed  in  a  deflagrating  spooaj 
in  Fig.  8)  and  heated  until  it  begins  to  burn  and  then  is  pli 
into  a  vessel  of  oxygen,  it  will  burn  more  vigorously  than  in 

(with  an  intense  white  light  and  with  the  formation  of  a 
cloud.     The  cloud  consists  of  particles  of  a  white  solid  which 
gradually  settle  upon  the  walls  and  bottom 
the  vessel     If  water  is   present,  or    is  subse* 
H  quently  added,^  the  solid  dissolves  to   make  a 

^■r"**"  ^r  hquid  (a  solution)  which  will  change  blue  litmus 

^R  -^       i  (paper  or  solution)  to  a  pink  color.     This  change 

^€^ '^  in  litmus  is  characteristic  of  a  class  of  bodies 

r      ^.  called  acids,  and   hence  we  may  say  that  the 

^  *  product  formed  by  burning  phosphorus  in  oxy- 

y^/  gefi-  when   dissolved  in  water,  forms  an  acid 

i<;^  The  same  substance  is  produced,   though  lc» 

y    "^  rapidly,  when  phosphorus  is  burned  in  air.     If 

^   \  sulfur  is  heated  in  the  same  manner  and  plunged 

\     A  into  oxj^gen  it  burns  with  increasing  vigor  and 

"^Nll/^  ^  weird  bluish  light.     In  this  case  no  hea\7 

"^  ^  ^p  cloud  is  formed,  but  a  choking,  ill-smelling  gas 

I  ^^  is  produced.     The  odor  belongs  neither  to  the 

J l^         sulfur  nor  to  the  oxygen,  though  it  is  at  times 

called  the  **  odor  of  sulfur,"  The  ill-smelling 
gas  dissolves  quite  rapidly  if  shaken  with  water 
and  the  solution  is  an  acid  as  indicated  by  the  reddening  of  litmus 
when  the  latter  is  added.  If  charcoal  (the  element  carbon)  is 
heated  to  redness  on  a  spoon  and  placed  in  oxygen,  it  glows  with 
an  increased  brightness,  and  the  product  of  reaction,  as  with 
sulfur,  is  a  gas  with  only  a  slight  and  not  unpleasant  odor.  When 
this  gas  is  shaken  with  water,  it  is  dissolved  and  forms  an  acid. 
In  this  case  the  acid  formed  will  not  render  litmus  distinctly  red, 
but  will  destroy  the  color  of  a  red  solution  of  phenolphthalein, 
which  also  is  a  typical  action  of  acids.  It  was  such  reactions  as 
these  which  led  Lavoisier  to  the  erroneous  conclusion  that  all. 
acids  contain  oxygen  as  an  essential  constituent. 
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the  product  is  dissolved  in  water,  a  soapy  bitter  solution 
robtamed  which  turns  red  litmus  blue  and  produces  a  pink  color 
n  a  colorleas  solution  of  phenolphthalein«  This  behavior  is  char- 
Idemtic  of  a  class  of  substances  called  bases.  Several  other 
demcDla  behave  in  an  analogous  manner. 

U  steel  wool  is  heated  in  a  Bunsen  burner  until  it  begins  to 
bum,  and  is  then  plunged  into  a  vessel  of  oxygen,  it  burns  bril- 
jfally,  producing  a  shower  of  sparks*  If  the  eflfort  is  made  to 
^bye  the  product  of  this  reaction  in  water,  the  result  is  negative. 
HOarly,  the  products  from  the  burning  copper,  tin  or  lead  in 
I^K^ii  are  insoluble  in  water. 

U  the  reactions  described  are  carried  out  experimentally,  it 
v31  be  seen  that  with  certain  elements  oxygen  is  extremely  active 
It  elevated  temperatures.  That  is  to  say,  chemical  reaction  takes 
jfkce  rapidly.  It  will  be  noted  also  that  the  products,  oxides, 
1  of  three  general  types:  (a)  soluble  in  water,  producing  acids, 
Ifiolubie  in  water,  producing  bases^  (c)  insoluble  in  water.  The 
which  are  above  described  as  uniting  rapidly  with 
at  higher  temperatures  will,  for  the  most  part,  remain  in 
even  in  pure  oxygen,  at  the  ordinary  temperature,  without 
of  reaction.  We  know,  however,  that  iron  rusts,  i,e,, 
&n  oxide  slowly,  in  moist  air.  The  same  sort  of  reaction 
takes  place  with  other  elements.     We  may  say  then  that 

Eis  comparatively  inactive  at  ordinary  temperature. 
irect  Union  with  Elements.  —  Certain  dements  will  not 
rith  oxj'gen  at  either  ordinary  temperatures  or  when  heated 
*.  In  some  cases,  however,  oxides  of  these  elements  may 
te  obtained  indirectly;  e.g.,  if  lead  nitrate  is  heated  sufEciently, 
aa  oscide  of  nitrogen  is  produced.  We  may  heat  nitrogen  with  oxy- 
gen at  even  a  comparatively  high  temperature  without  any  evi- 
dnoe  ol  direct  union.  (See,  however,  p.  292.)  Other  examples 
of  ttddes  obtained  by  indirect  methods  are  those  of  silver  and  of 
cUorioe. 

Setetioii  with  Compounds.  —  Frequently  compounds  will 
Wtd  chemically  with  ox>^gen,  e.g.,  we  may  burn  kerosene,  tur- 
pBBliMv  wood,  sugar,  etc.  With  some  substances  this  type  of 
mdaoo  may  take  place  even  at  ordinary  temperature,  under 
fecial  condttioDa  Wood,  for  example*  slowly  decays,  i.e.^  reacts 
Aamctily  with  oxygen  when  exposed  to  air  and  moisture.  It 
hm^  !>•,  unites  rapidly  with  oxygen  when  heated  in  the  air  or 
tt  pone  oxygen,     A  case  of  special  interest  is  the  reaction  ml\mi 
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the  animal  body  between  oxygen  and  the  animal  tissues.     Oxj^j 
absorbed  through  the  lungs,  is  able  to  react  with  the  tissues 
the  body  and  produce  not  only  the  heat  needed  to  maintain 
body  temperature,  but  to  convert  the  worn  out  material  inl 
forms  which  are  readily  removed  from  the  body.     The  diseussioij 
of  such  chemical  changes  forms  a  very  important  part  of  physio 
logical  chemistry. 

In  order  to  describe  more  precisely  the  chemical  relations 
oxygen  it  is  necessary  to  discuss  the  following:    the  making 
formulas  to  express  exactly  the  composition  of  the  subatano 
produced^  the  making  of  equations  for  concise  expression  of 
changes^  the  influence  of  temperature^  and  the  energy  relation 
which   accompany  the  mass   changes.     These   will,  therefore, 
presented  at  this  point.     It  should  be  emphasized  that  the  prin 
ciplefi  involved  are  common  to  all  chemical  reactions* 

Making  of  Formulas  and  Equations,  —  In  order  to  deter 
more  exactly  what  are  the  substances  produced  when  oxyg 


Pui.d. 


unites   with   carbon,  phosphorus,  etc.,  we  might  proceed  some 
what  as  follows:    A  hard  glass  tube  about  18  inches  in  length 
provided  with  two  one-holed  rubber  stoppers  to  fit.     Each  stopf 
carries  a  small  glass  tube.     Into  a  small  porcelain  boat  weig 
carefully  a  half  gram  of  pure  carbon  and  insert  the  stopper 
Support  the  whole  so  that  the  boat  may  be  heated  by  a  Bi 
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When  hoty  pass  a  slow  stream  of  oxygen  over  the  char- 
and  collect  the  products  in  a  weighed  series  of  bulbs,  con- 
caustic   potash  solution,    known   as  Liebig   bulbs.     The 
:  apparatus  is  shown  in  Fig.  9. 
Alter  all  the  carbon  is  burned  and  the  product  swept  out  by 
of  the  oxygen,  the  caustic  potash  bulb  is  again  weighed  and 
increase  noted.    If  we  now  have  results  as  follows:     Carbon 
),  increase  due  to  oxygen  LS36,  we  may  find  the  formula  of 
1  compound*     If  we  remember  that  carbon  is  measured  in  units 
[  12  and  oxygen  in  units  of  16,  then 

0.500  ^  12  =  0,0416, 
L336  ^  16  =  0.0835. 

latio  0,0416/0.0835  equals  J,  that  is,  for  every  unit  quantity 
[  €!arbon  there  are  twice  as  many  units  of  oxj-^gen,  and  the  formula 
of  the  compound  therefore  is    COf.     The   equation    representing 
reaction  may  be  written,  since  we  know  both  sides  of  it,  thus: 

C  +  20  -.  CO,. 

In  any  given  experiment  it  is  found  that  the  ratio  of  chemical 
imita  is  not  expressed  by  whole  numbers,  but  experience  has  shown 
ttuU  with  increasmg  care  in  making  experiments,  thus  eliminating 
ttiDiB,  the  mean  of  several  rei^ults  approaches  integral  values  as  a 
fimit  Indeedf  even  with  not  very  accurate  work,  by  using  large 
Bumbers  of  results,  and  thus  compensating  the  errors  made,  by  the 
SKalled  **law  of  averages"  we  get  values  remarkably  close  to 
ifitegraL  Thus  the  mean  value  of  the  relation  for  lead  chloride 
bom  75  results  obtained  by  freshmen  in  the  author^s  laboratory 
WIS  74.49  per  cent  lead,  and  consequently  the  formula  is  shown  to 
be  almost  exactly  PbCIti  and  similarly  the  mean  of  41  results,  also 
from  freshmen,  gave  the  value  for  potassium  chlorate  KCIOaoii* 

In  a  MimUATj  though  not  always  so  simple,  manner  we  may  de»J 
tennine  the  formulae  of  other  products  mentioned  to  be  PjO»,  SOi,  i 
Ni.0,  Fei04,  etc*,  and  the  corresponding  reactions  may  be  written: 
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Rale  of  Reaction  and  Influence  of  Temperature.  — 

tion  has  been  called  to  the  fact  that  iron,  wood,  etc,  unite 
oxygen  slowly  at  ordinary  temperatures.    This  proems  is 
oxidation  to  distinguish  it  from  the  more  rapid  union  with  o: 
which  is  called  combustion  or  burning.    Practically  the  distiiw- 
tion  is  that  when  oxidation  is  so  rapid  that  the  heat  produced  n 
great  enough  to  cause  some  portion  of  the  substances  uniting,  orot 
aome  of  the  products,  to  be  heated  to  incandescence,  it  is  calW 
eombustion.     Later  we  shall  see  that  the  term  oxidation  is  used 
with  a  broader  meaning  and  that  this  present  use  is  Bometinfis 
spoken  of  as  oxidation  in  the  narrower  sense. 

It  will  be  observed  that  in  all  of  the  cases  cited  it  was  neccfflary 
to  heat  the  substance  in  order  to  induce  rapid  union,  ue.p  com- 
bustion. If  careful  attention  is  paid  to  this  point  we  find  that 
combustion  begins  at  a  much  lower  temperature  with  some  sub- 
stances than  with  others.  This  difference  of  '* kindling  point"  is 
well  illustrated  by  the  lighting  of  the  furnace  fire.  We  raise  the 
phosphorus  on  the  head  of  a  match  to  its  kindling  temperature 
by  means  of  friction,  on  what-ever  surface  is  convenient,  and  its 
combustion  produces  sufficient  heat  to  ignite,  i.e.,  raise  to  the 
kindling  i>oint,  the  match  head  and  stick  and  this  in  turn,  the  paper 
in  the  grate.  The  heat  of  the  burning  paper  ignites  the  wood  and 
the  burning  of  the  wood  produces  heat  sufficient  to  ignite  the  coil, 
at  least  when  the  experiment  is  successful. 

The  explanation  of  this  phenomenon  is  as  follows:  The  speed 
of  reaction  between  oxygen  and  the  elements  with  which  it  unites  is 
a  function  of  the  temperature  at  which  it  takes  place.  In  general 
the  rate  of  chemical  reaction  is  increased  by  rise  of  temperature. 
While  the  rate  of  increase  varies  somewhat  in  individual  actions, 
an  approximate  statement  is  that  the  rate  is  doubled  for  each  rise 
of  10*^  C.  All  the  reactions  given  on  pp»  36,  37  are  exothermic 
(see  p.  42)  and  may  be  assumed  to  be  taking  place  at  all  tempera- 
tures, though  in  most  cases  at  room  temperature  the  rate  is  immca;^ 
urably  slow.  As  the  temperature  is  increased  the  rate  increases 
and  when  a  temperature  is  reached  at  which  the  heat  evolved  by 
the  reaction  is  produced  more  rapidly  than  it  escapes  by  radiatioQf 
conduction  and  convection  (see  the  dictionar>')  the  needed  tempera- 
ture for  rapid  action  is  maintained,  and  the  action  goes  on  spon- 
taneously so  long  as  new  material  and  oxygen  are  both  available. 
The  temperature  at  which  combustion  is  self-sustaining  is  known 
as  the  kindling  temperature. 
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Energy  Refotions.  —  In  our  discussion  of  chemical  changes  we 
ive  confined  our  attention,  so  far  as  possible,  to  weight  relations* 
>ther  considerations  have,  however,  forced  themselves  on  our  at- 
sntion.     We  will  now  consider  these  in  more  detaiL 

When  iron  and  sulfur  are  heated  together  until  rapid  union  be- 
pns,  the  process  continues  of  its  own  accord  even  after  external 
Seating  is  stopped.  The  production  of  light  and  heat  accompanies 
le  conversion  of  iron  and  sulfur  to  iron  sulfide.  The  same  phe- 
lomena  are  observed  to  accompany  the  oxidation  or  combustion 
ictions  described  in  the  present  chapter.  On  the  other  hand, 
le  decomposition  of  potassium  nitrate  or  of  manganese  dioxide 
as  soon  as  the  required  temperature  is  not  maintained  by 
Brnal  means.  It  appears,  therefore,  that  heat  may  either  be 
produced  by  chemical  change  or  be  absorbed  by  chemical  change. 
In  the  decomposition  of  copper  sulfate  by  means  of  the  electric 
current,  electrical  energy  is  utilized  (mde  p.  6).  If  we  place  a 
stick  of  zinc  and  one  of  carbon  in  a  solution  of  sulfuric  acid  and 
connect  their  external  ends  through  an  apparatus  for  me£isunng 
electric  currents,  we  find  electricity  is  produced  while  at  the  same 
time  zinc  is  converted  into  zinc  sulfate.  Similarly,  we  might  cite 
examples  of  the  production  of  chemical  change  by  means  of  light, 
e.g.,  photographic  processes,  and  we  have  noted  the  production  of 
light  by  chemical  change.  Again,  motion  may  be  produced  by 
chemical  change,  e.g.^  the  decomposition  of  explosives,  and  we  may, 
by  means  of  motion,  e.g,,  by  rubbing  mercury  and  sulfur  together, 
produce  chemical  change.  These  examples  illustrate  the  fact  that 
chemical  changes  may  either  produce  or  consume  heat,  light,  motion 
or  electricity,  i.e.,  energy.  Energy  is  defined  by  Ostwald  as  work 
or  anything  which  can  da  work  or  be  converted  into  work.  While 
this  definition  is,  perhaps,  open  to  criticism  it  will  be  sufficient  for 
our  present  purpose.  Due  to  the  labors  of  Lavoisier,  Count  Rum- 
ford,  Joule,  HelmhoUz,  Mayer  and  others,  it  has  been  shown  that 
the  various  forms  of  energy  are  mutually  convertible  without  loss 
(given  perfect  machines).  This  is  known  as  the  law  of  conserva- 
tion of  energy.  Since,  as  we  have  seen,  the  various  forms  of  energy 
are  produced  or  consumed  during  chemical  change  we  recognize  chem- 
ical energ>'  as  one  of  the  various  forms.  A  convenient  Dlustration 
of  energy  transformation  is  furnished  by  the  following  arrange- 
ment. A  hot  air  engine  is  geared  with  a  small  dynamo  and  this  in 
turn  to  a  small  electric  lamp  (Fi^.  10).  The  engine  may  be  set  in 
motion  by  means  of  a  Bunsen  burner.     We  may  note  the  following 
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'  transformations.  The  chemical  energy  *  of  the  gas  is  converted 
■  to  heat^  the  heat  to  motion,  motion  to  electricity,  electricity  to 
'  light*  The  transformations  are  not  quantitative  due  to  the  char- 
acter of  the  machines  employed. 


*  The  question  will  invariably  arise  in  the  mind  of  the  ^udent  as  to 
the  energy  is  which  ie  liberated  in  the  form  of  heat  when,  for  example,  carfaon  m 
bumed.  The  answer  can  j>erhapB  be  best  given  in  the  form  of  analogy*  If  a 
weight  is  raiaed  the  ener^  absorbed  can  reappear  tn  the  form  of  motion  or  of  heat 
when  the  weight  falls.  We  say  that  the  weight  has  potential  energy  by  reason 
of  ita  position  and  this  energy  becomes  kinetic  or  active  when  it  falls*  Yet  the 
raiaed  weight  possesses  the  energy  only  by  reason  of  iU  relation  to  the  earthy  and 
a  very  different  quantity  of  energy  would  be  liberated  if  it  fell,  not  to  the  earth, 
but  to  the  moon.  So  carbon  poaseasea  a  certain  energy  because  of  its  relation  to 
oxygen  and  energy  exists  in  neither  it  nor  the  oxygen,  but  in  their  relation,  and 
when  carbon  unites  with  chlorine  a  different  amount  of  energy  ia  liberated. 


Fio.  to. 

Heat  is  the  usual  form  in  which  energy  is  Uberated  di 
chemical  reactions,  and  hence  the  term  exothermic  (lx«"  = 
and  ^ipM  =  heat)  is  applied  to  reactions  where  heat  or  other  form 
of  energy  is  produced  at  the  expense  of  chemical  energy;  and 
endotkennic  i^lv^  =  inner  and  BipfAT)  =  heat)  to  reactions  in  which 
chemical  energy  is  produced  by  the  consumption  of  other  forms. 
It  ought  to  be  observed  that  in  those  reactions  where  heat  is 
given  out  th^  reaction  frequently  continues  of  its  own  accord  if 
once  started.  This  is  a  natural  consequence  of  the  effect  of  in- 
crease of  temperature  on  the  speed  of  reaction,  (See  p,  40,)  On 
the  other  hand,  endothermal  reactions  continue,  as  a  rule,  only 
when  forced  to  do  so  by  the  use  of  energy  from  external  sources. 
This  difference  is  not  peculiar  to  chemical  changes  alone,  since  in 
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it  IB  true  that  physical  changes  also  are  spontaneous  when 
are  accompanied  by  the  liberation  of  some  form  of  energy. 
are  many  exceptions  to  the  above  statement^  yet,  as  with 
mles  in  spelling,  the  generalization  is  valuable. 

The  importance  of  the  energy  changes  which  accompany  chemi- 
cal changes  is  very  great.     In  these  energy  changes  we  find  means  of 
explaining  chemical  reactions  and  helpful  suggestions  for  discover- 
ing new  facts.     Indeed,  as  a  commercial  factor  energy  is  often  of 
greater  importance  than  mass.     For  example,  we   buy  coal,  not 
that  by  its  combustion  we  may  produce  carbon  dioxide,  but  that 
we  may  use  the  energy  so  obtained  to  minister  to  our  comfort. 
We  drink  water  largely,  perhaps,  because  its  capacity  for  heat  ab- 
sorption is  very  great,  and  hence  much  heat  may  be  stored  up 
with  relatively  small  elevation  of  temperature.     We  use  bread, 
potatoes,  milk,  etc.,  not  for  their  mass  value  but  for  the  sake  of 
developing  from  them  energy  to  replace  that  lost  by  muscular 
exertion,  radiation,  etc.,  in  order  to  keep  the  human  thermostat 
at  M.6**  F.     Clothes  are  worn,  not  alone  for  their  beauty,  but  for 
their  utility  as  conservators  of  the  energy  of  the  body. 


QumntitieB  qf  Energy.  —  In  order  to  compare  quantities  of 
Tgy  we  must  first  estabUsh  a  unit  of  measure.  Two  are  in  com- 
mon use;  the  calorie  and  the  joule.  The  calorie  is  defined  as 
the  quantity  of  heat  required  to  raise  one  gram  of  water  one  degree 
centigrade*  The  joule  is  a  quantity  of  energy  equal  to  0.238  calorie. 
(For  further  discussion  of  this  relation  see  Chapter  XXX  and  text 
looks  on  Physics,)  The  relative  heat  capacity  of  substances  ia 
untally  expressed  in  terms  of  specific  heat.  If,  for  example,  the 
qoanlity  of  heat  required  to  raise  one  gram  of  iron  one  degree 
centigrade  is  0.1146  calories,  the  fact  is  ordinarily  expressed;  the 
^>ectSc  heat  of  iron  is  0.1  U5. 

The  quantities  of  energy  involved  in  chemical  change  are  usually 
txpreaeed  either  in  calories  or  joules  and  are  determined  by  means 
of  an  instrument  known  as  a  calorimeter.     One  form  of  calorimeter 
it  shown  in  Fig.  11.     A  sample  determination  may  be  described  as 
JHioDowa:     A  gram  of  carbon  is  placed  in  an  iron  cylinder  together 
Hirith  sufficient  oxygen  to  combine  with  the  carbon.     The  cylinder 
■JB  placed  in  a  vessel  of  water  wliich  is  carefully  insulated  (t.e.^ 
V  protected  as  nearly  as  possible  from  loss  of  heat).     The  com- 
bustion of  the  carbon  is  initiated  by  means  of  an  electric  current. 
The  coEELbostioa  of  the  carbon  produces  heat  which  raises  the  tern* 
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perature  of  the  water.  If  now  we  take  into  account  the  specific 
heat  of  the  iron  cyhnder,  that  of  the  calorimeter  and  the  quau* 
tity  of  water,  we  may,  from  the  rise  of  temperature,  calciilate  the 
amount  of  heat  produced  by  burmng  one  gram  of  carbon.    Careful 
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measurement  of  this  quantity  has  shown  it  to  be  8080  calories  or 
33,936  joules. 

The  heat  produced  by  burning  a  gram  of  hydrogen  is  34,179  cal» 
For  one  gram  of  sulfur  it  is  2250  caK  The  heat  produced  for  each 
gram  of  an  element  has  not  so  much  interest  for  chemists  as  that 
produced  by  unit  chemical  quantities.  The  usual  fonn  of  ex- 
pression is  therefore  the  heat  produced  by  a  number  of  grams  equal 
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the  atomic  weight.     These  quantities  are  known  as  the  heat  of 
combustion.     Frequently,  also,  the  chemist  is  interested  in  the 
lount  of  heat,  or  other  form  of  energy,  concerned  in  relative  chemi- 
quantities  of  the  products  of  combustion.     This  is  the  quantity 
energy  involved  in  the  production  of  a  formula  weight  in  grams 
a  given  substance  and  i^  known  as  the  heat  of  formation. 
In  the  table  below  are  given  the  quantities  of  energy  involved 
^in  the  union  of  a  few  elements  with  oxygen.  , 


» 
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Subfft&ncD  formecL 

Boat  oi  oombuatjon. 

H«tof 
Cormation 
iacftloriM. 

Heat  or 

bumed. 

CiLlonM 
per  gtnxn. 

Per  ffrain 
utomk  vrt. 

injouJMu 

Carbon 

Sulfur,...    ., 

Carbon  dioxide. , 

Sulfur  dioxide. ....    ...  * 

8,080 

2,250 

34,179 

5,966 

105 
1,616 

96,%0 
72,ia5 
34,449 

184,950 

21,000 
90,200 

96,960 
72,135 

68,89a 

369,900 

21,000 
270,600 

408,232 
302  400 

Hydrogen. . . . 

Pho6plioru«  } 

(yellow)    i 

Mercury., 

Hydrogen  oxide  (water) 
PhoBphorua   pentoxide . 
Mercuric  oxide ......... 

289,371 

1,553,580 

88,200 

Iron 

Iron  oxide  (FeiO*) 

1,136,520 

» 


The  following  points  are  to  be  clearly  recognized,  A  neces- 
sary consequence  of  the  law  of  conservation  of  energy  is  that 
whatever  quantity  of  energy  is  produced,  or  absorbed,  when  a  com- 
pound is  formed,  exactly  the  same  quantity  is  required  to  separate 
it  again  into  its  constituents.  This  is,  of  course,  found  to  be  the 
case,  else  we  should  not  have  the  law.  All  of  the  compounds  in 
the  above  list  are  exothermal.  There  are,  however,  many  endo- 
thermal  compounds  and  these,  when  decomposed,  liberate  energy, 
e,g,f  hydrogen  peroxide  (see  p.  92)  on  decomposing  into  water  and 
oxygen  liberates  23,100  calories  of  heat.  We  therefore  frequently 
use  the  terra  heat  of  decomposition.  WTiile  the  heat  of  formation 
of  carbon  dioxide  is  96,960  caL  and,  therefore,  its  heat  of  decompo- 
sition to  carbon  and  oxygen  is  —  96,960  caL,  it  must  not  be  assumed 
that  the  simple  presence  of  that  quantity  of  energy  is  sufficient  to 
effect  this  decompoeition.  It  must  be  present  in  available  form. 
Indeed,  any  quantity  of  heat  at  temperatures  below  1000**  C.  is 
entirely  without  effect  upon  the  composition  of  carbon  dioxide. 
The  suitable  conditions  for  such  absorptions  of  energy  are  various 
and  will  appear  from  time  to  time  in  subsequent  discussion. 

Uses  of  Oxygen.  —  Oxygen,  as  found  in  the  air  mixed  with 
various  other  substances,  enters  into  a  large  number  of  operations 
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directly  and  indirectly  useful  to  man*  Animals  use  oxygen  ml 
the  process  of  respiration,  both  as  a  means  of  maintaining  the  body] 
temperature  and  of  removing  worn  out  materiaL  In  plants^ 
piration  is  also  one  of  the  vital  processes.  The  oxygen  of  the  airj 
also,  with  the  aid  of  bacteria,  eEFects  the  decay  of  dead  animals  and 
plants,  thus  preventing  accumulations  of  wast^  and  making  way  for 
new  Ufe*  In  the  sea,  dissolved  oxygen  serves  in  the  same  general 
way  the  purposes  of  submarine  hfe.  Oxygen  from  the  air  takes 
part  in  the  processes  of  combustion,  whereby  energy 
is  liberated  and  is  utihzed  for  manufacturing  and 
other  purposes*  These  operations  are  so  familiar  as 
not  to  need  detailed  mention.  When  in  any  of  the 
processes  mentioned  special  rapidity  of  action  is  de- 
sired, pure  oxygen  may  be  used  instead  of  air.  For 
such  purposes  oxygen  is  marketed  in  steel  t^nks  (see 
Fig.  12).  The  gas  pressure  in  these  tanks  is  some* 
times  as  high  as  3000  pounds  per  square  inch.  This 
compressed  oxygen  is  used  in  oxy-acetylene  and  oxy- 
hydrogen  flames  for  welding  and  other  high  tem- 
perature operations.  It  is  also  used  in  conjunction 
with  ansesthetics  in  surgical  operations*  Compressed 
oxygen »  or  oxygen  manufactured  as  used  from  oxone 
and  water  (see  p.  30) ,  is  also  used  in  submarine  boats 
and  caisson  tunnelling  to  replenish  the  oxygen  used  up  by  the  occu- 
pants of  the  boats  or  caissons.  Also  oxygen  is  used  in  pulmotors,  or 
lung  motors,  for  resuscitation  of  drowned  or  asphyxiated  persons  and 
for  administration  in  critical  illnesses. 

Compounds,  — In  the  introduction  to  this  chapter  attention 
was  called  to  the  very  great  number  of  elements  with  which  oxygen 
unites.  The  substances  produced  by  the  union  of  ox>^gen  with  any 
one  other  element  are  known  as  oxides.  These  are  distinguished 
from  each  other  by  adding  to  the  term  oxide  the  name  of  the  other 
element;  thus  we  may  speak  of  the  oxide  of  carbon,  oxide  of  iron, 
etc.  Frequently,  also,  the  order  is  inverted  and  the  preposition 
omitted ;  thus  copper  oxide^  silver  oxide,  etc.  When  an  element  has 
more  than  one  oxide,  there  are  several  methods  of  distinguishing 
between  them.  The  method  generally  employed  is  to  use  the 
ending  ic  for  the  form  which  has  the  larger  proportion  of  oxygen 
and  the  ending  ous  for  the  one  containing  a  smaller  proportion. 
As  examples  may  be  cited,  cupric  oxide  (CuO)  and  cuprous  oxide 
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(OiiiO);    ferric   oxide  (FeiOj)   and  ferrous  oxide   (FeO).     Some- 

iimm  this  syBtem  doea  not  suffice,  as  when  there  are  several  oxides 

^^the  same  element  or  convention  has  established  another  usage. 

^Bus,  we  usually  employ  the  terms  sulfur  trioxide  {SO3)  and  sulfur 

^nxide  (80t)  though  sulfuric  oxide  and  sulfurous  oxide  would  be 

Bk  coireet.     Oxygen  also  forma  compounds  with  two  or  more 

dements   at   the  same  time;  such  as  sugar   (Ci!H2sO]i),  alcohol 

(C1H4O),  potassium  chlorate  (KClOj),  etc.     The  number  of  com* 

pocmds  is  therefore  very  great.     These  may  obviously  be  more 

lataflfactorily  discussed  when  we  are  familiar  with  the  other  elements 


i,  —  The  discussion  of  oxygen  is  not  complete  without 
rto  a  form  of  the  element,  known  as  ozone.  This  substance 
a  set  of  properties  very  different  from  that  which  describe 
oaqrgeii.  It  is,  however,  prepared  from  oxygen  by  change  of  en- 
tfgy  relations  only,  and  the  products  of  its  reaction  with  other 
iiibBlanceB  are  the  same  as  those  produced  with  ordinary  oxygen. 
TSm  sort  oS  relation  is  not  uncommon  among  the  elements  and  is 
kiicmn  as  aflotropy  (tride  carbon,  phosphorus,  etc.)  (dAAos  ^  other 
md  fpatm  =  form). 

Ocaurence  and  History.  —  When  electrical  discharges  take 
fiiae  through  air  or  oxygen  a  penetrating  odor  is  produced.  These 
4iieiiarg?s  are  such  as  those  produced  in  the  operatipn  of  frictional 
dectrical  machines  or  when  bad  connections  are  made  in  electrical 
operations  where  currents  of  high  voltage  are  employed.  The 
odor  was  first  noted  by  Van  Marum  (1785)  and  by  Schonbein 
(1840)  was  shown  to  be  due  to  a  distinct  substance  for  which  he 
proposed  the  name  ozone  (o^or  =  to  smell).  In  1860,  Andrews 
that  it  could  be  produced  from  pure  oxygen  by  electrical 
and  that  its  formation  is  accompanied  by  a  contraction 
m  vohtme.  It  is  sometimes  said  to  be  present  in  the  air,  but  its 
chcatical  properties  (g.tf.)  are  such  as  to  render  the  statement  some- 
what doubtful  (see  Sci.  Am.  Sup.  79,  286).*  In  any  case,  the  **  pure 
otone^'  of  the  seaside  and  forest  health  resorts  is  a  myth.  It 
|irobabty  is  present,  temporarily,  in  the  neighborhood  of  lightning 
diteliargiBsaiid  it  is,  probably,  the  source  of  the  superstition  concem- 
idgtbs  odor  of  Satanic  apparitions  which  '*  disappear  with  a  flash 
ag  and  an  odor  of  stilfur.'' 


I  «kov  B.  N,  Eolmes,  Am.  Chem.  Jour.,  Vol.  47,  p.  497  (1912). 
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Preparation.  —  The  most  convenient  method  of  preparijig  a 

smaE  quantity  of  ozone  is  to  allow  phosphorus  to  oxidize  slowly  in 

^L  the  air.     If  this  is  done  by  placing  a  stick 

^H       j¥r  ^"^^'^     of  yellow  phosphorus  in  a  beaker,  partially 

^H       I  ^    covering  the  phosphorus  with  water  and 

^^^^1  rh  the  beaker  with  a  watch  glass,  the   odor 

^^^M jUc"  ^        Jb   oiay  be  detected  after  a  few  minutes  by 

^^^^  4J  removal  of  the  cover.     Larger  quantities  of 

^m ^*-^-  the  gas  may  be  prepared  by  the  ao-caJled 

^B  silent  discharge  through  oxygen.     This  is 

^M  most  readily  done  in  the  apparatus  indi- 

^M        W^      ^  — ^»s  cated  in  Fig.  13,     A  stream  of  oxygen  is 

^M  I  Iff  passed    through    the    space    between    the 

^M        It  inner  and  outer  tubes  while  at  the  same 

H        /T  \  time  a  small  Rhumkorf  coil  actuated  by 

H  a  couple  of  storage  cells  is  attached  to  the 

H  [  binding  posts.     Only  a  small  fraction  of 

^1  U  the  oxygen  passing  through  the  apparatus 

^»        ^^i^  is   converted    to    ozone.      Ozone    is    also 

formed  in  small  quantities  at  the  anode 
when  water  is  decomposed  by  electrical 
currents  of  high  voltage.  It  is  pro- 
duced in  larger  quantiti^  when  fluorine 
decomposes  water  and  when  peroxide  ^ 
are  treated  with  sulfuric  acid,  f 

Properties  and  Uses.  —  Ozone  is  a^  gas  of  marked  and  charac- 
teristic odor.  Odors  can  only  be  described  by  comparing  them 
with  odors  already  known.  If  we  say,  then,  that  the  odor  of  ozone 
is  reminiscent  of  dilute  chlorine  and  of  sulfur  dioxide  we  convey 
no  information  to  one  not  acquainted  with  the  latter  substances. 
Ozone  is  more  soluble  in  water  than  ordinary  oxygen  (50  vol.  to 
100  of  water).  Of  course,  when  mixed  with  oxygen  its  solubility 
is  proportional  to  its  partial  pressure.  As  already  indicated,  it  is 
produced  from  oxygen  and  evidently  by  absorption  of  energy. 
Indeed,  to  produce  48  grams  of  ozone  it  is  found  that  32,400  cal.  of 
energy  are  absorbed.  It  is,  therefore,  oxygen  with  a  greater  po- 
tential energ>'  than  the  ordinary  form.  WTien  ozone  is  produced 
from  oxj'gen  there  is  a  decrease  in  volume  from  3  to  2.  This  ia 
also  expressed  by  saying  that  its  specific  gravity,  1,658,  as  1.5 
times  *that  of  oxygen.  As  we  shall  see  after  certain  theoretical 
considerations  are  presented,  we  may  represent  oxygen  in  its  ordi- 
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lary  torm  by  the  formula  Oi  and  ozone  by  Oa  (c/.  Chapter  V). 
Oiooe  dlSers  chemically  from  ordinary  oxygen  in  that  it  reacts 
Biare  readily  with  those  substances  capable  of  oxidation  and  with 
a  greater  evolution  of  energy.  It  will  oxidize  certain  elements  at 
Ilia  ordinary  temperature  which  are  unaffected  by  oxygen,  e.g*, 
miret  and  mercury.  It  will  decompose  certain  compounds  which 
are  stable  in  ordinary  oxygen  and  this  fact  accounts  for  its  uses  and 
abo  furnisher  us  means  for  its  ready  detection.  For  example,  if 
fmper  mcristened  with  a  solution  of  potassium  iodide  (KI)  is  ex- 
poaed  to  oxone  the  reaction  indicated  by  the  following  equation 

2  KI  +  Oj  +  HjO  ^  2  KOH  +  Oj  +  2  I, 

That  is  to  say,  potassium  hydroxide  (KOH),  ordinary  oxygen  (Oa), 
and  iodine  are  formed.  The  formation  of  the  free  iodine  is  more 
nadily  indicated  if  starch  is  added  to  the  solution  in  which  the 
piper  is  soaked,  since  iodine  produces  with  starch  an  intense  blue 
color.  The  full  meaning  of  the  above  equation  will  appear  later. 
Osone  has  recently  come  into  practical  use  for  the  purification 
of  water  (c/.  p.  74),  since  when  it  is  passed  through  water  it  destroys 
the  bacteria  which  arc  the  dangerous  factors  of  polluted  water, 
It.may  abo  be  used  for  bleaching  oils  and  for  other  purposes  where 
oxidation  at  low  temperatures  is  desired. 
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&eretaes«  —  L  List  in  a  tabular  form  reasons  for  beginning 
detailed  study  of  the  elements  with  oxygen, 

2.  Calculate  the  percentage  of  ox>'gen  in  potassium  chlorate, 
KClOi;  glucose,  CeHiaOaj  sand,  SiOa;  alcohol,  CaHsOH;  nitro- 
llycerine,  C,Hi(NO,)i. 

3.  Criticise  the  phloi^stic  hypothesis  in  the  light  of  the  now 
kaovn  facta  concerning  combustion.     Why  was  it  advanced? 

C  Write  the  reactions  involved  in  preparing  oxygen  from  (a) 
viteTp  (6)  manganese  dioxide,  (c)  potassium  nitrate.  Find  how 
aueh  of  each  substance  must  be  used  to  get  10  liters  of  oxygen* 

5,  Determine  the  cost  of  oxygen  per  Mter,  so  far  as  raw  material 
iscoDeemed,  if  mercuric  oxide  costs  20 ^f  per  100  grams;  manganese 
diosQde,  2^  per  100  grams;    and  potassium  chlorate,  4j^  per  100 

6-   How  many  liters  of  oxygen  gas  are  needed  to  make  1  L  of 
(Kxysen  liquid  (cf,  sp.  gr.  of  liquid  with  w^eight  of  1  liter  of  the  gas)? 
I.  Test  your  power  of  clear  expression  by  stating  the  following 
differently  from  the  text  and  yet  correctly;    Boyle's,  Charles', 
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Henry's,    DaIton*s,    Definite   Proportions*,   Multiple    Proportions, 
Combining  Weights. 

8.  Distinguish  between  the  terms,  free  oxygen,  pure  oxygen» 
and  combined  oxygen. 

P9.  Give  the  names  and  formulas  of  four  series  of  oxides  illus- 
trative of  the  law  of  multiple  proportions.  Tabulate  these  oxides, 
giving  names  and  formulas,  and  show  how  in  each  case  the  law  is 
illustrated. 

^I0»   Determine  the  formulae  of  the  following  compounds: 
A.    Percent.                          B.    P«r  cent.                              C    For  cent. 
O......  40  0,            a.,    ...  39  78,  Na 22.77, 

C .12.0,  H 6.97,  B. ......  21.78, 

O. ......  48.0.  O......  53.25.  O...    ..  55.4fi. 

3,0  grams  of  carbon  were  burned  to  form  an  oxide  weighing 
11.0  grams;  what  is  its  formula? 

11.  Classify  the  oxides  formed  in  the  experimentfl  on  the 
chemical  properties  of  oxygen  under  three  heads  (a)  acid  forming, 
(b)  base  forming,  (c)  insoluble. 

12*  If  compounds  show  the  following  results  upon  analysis, 
what  are  their  formulas? 

A.    Per  c«Dt,  B,    Par  oaot,  C.    Tm  ount.  *  />.    Qisma. 

Hydrogen . .     2  76,     Magnesium  25 .  53,    Iron 63 .  64,     Sulfur 36 ,48, 

Cblorme...  97.23.    Chlorine.   74.47.    Sulfur,.,  36.36.     Oxygen.,.   16.01. 

13.  Exercise  clearness  of  expression  by  formulating  in  your 
own  words  definitions  of  (a)  catalysis,  (b)  exothermic  compound,  (c) 
endothermic  compound,  (d)  heat  of  formation. 

14.  125  liters  of  air  were  collected  over  water  at  20"*  and  745 
mm.  What  volume  of  dry  air  at  0*^  and  760  mm,  can  be  obtained 
from  the  moist  air? 

15*  Given  the  following  data  concerning  the  volumes  of  gasei 
collected  over  water,  calculate  in  each  case  the  volume  of  dry  gas 
under  standard  conditions: 

(a)  Volume  of  gas,  100  c.c,  temp.  20'*  C,  barometric  reading, 
755  mm. 

(6)  Volume  of  gas,  200  c.c,  temp.  3**  C,  barometric  reading, 
770  mm. 

(c)  Volume  of  gas,  200  c.c.,  temp.  65*"  F.,  barometric  reading, 
30  in. 

16.  Find  what  volume  the  sum  of  the  above  volumes  would 
occupy  at  20"  C.  and  740  mm. 


( 
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17.  How  many  calories  of  heat  will  it  take  to  raise  the  tempera- 
ture of  10  gmB.  of  the  following  substances  throogh  10^:  (a)  wat^ , 
(b)mn  (specific  heat  =  0.1146),  (c)  oxygen  (specific  heat  »  0.15)7 

18.  It  the  heat  produced  by  burning  one  gram  of  sulfur  is 
2250  caL,  what  is  the  heat  of  formation  of  sulfur  dioxide?  If  the 
beat  cl  formation  of  carbon  dioxide  is  96,960  cal.,  what  is  the  calo- 
rific value  of  1  gram  of  carbon? 

19.  Explain  the  more  rapid  combustion  of  phosphorus  in  pure 
oxygen  as  compared  with  air.  Also  explain  why  oxygen  is  used 
instead  of  air  in  a  pulmotor. 

20.  If  acetylene  is  endothermic,  can  you  determine  whether 
burning  10  grams  of  acetylene  will  bring  about  the  liberation  of 
more  or  less  heat  than  burning  the  same  relative  quantities  of 
hydrogen  and  carbon?  The  formula  of  acetylene  is  CtHs.  In 
addition  to  the  amount  of  heat  liberated  during  combustion,  what 
other  factora  determine  the  ten^eratore  reached? 


Occurrenr^,  —  Reference  to  page  5  will  call  to  the  mind  of  the 
reader  that  hydrogen  is  number  nine  in  the  list  of  elements  whea 
considered  from  the  standpoint  of  the  relative  quantity  by  wei^t 
Since  chemical  values  are  measured  in  terms  of  atomic  weights,  we 
can  determine  the  relative  importance  in  chemical  terms  by  dividing 
the  values  given  in  terms  of  weight  by  the  atomic  weights  of  the 

k respective  elements.    Thua^  we  obtain  the  following  order: 
L  03c>'gen... 49.85 -M6  =3,11. 

2.   Hydrogen 0,97  s-    1.008^0.96. 
^                 3.  Silicon.. 26.03 -r  28.4      ^0.92, 
B                 4.  Aluminium 7.28  -i-  27 
6,  Sodium, 2.33  ^  23 
6.   Magnefiium 2.114-24.36 

'  7.  Calcium. %.,.     3.18 -»- 40.1 

8.  Iron 4.12  -=-56 

9.  Fotasflium ........     2.3a  +  39 


=  0.27. 
-0.10. 
^0.085. 
=  0.08. 

=  0.07, 
=  0.06. 


Hydrogen  occurs  free  on  the  earth  in  relatively  small  quantitil 
there  being  not  more  than  one  part  of  it  in  100,000  parts  of  the 
moaphere.  Yet  it  is  continually  present  in  varying  quantities  m 
volcanic  gas  and  is  an  important  constituent  of  natural  gas.  It 
is  also  found  free  in  small  quantities  in  meteoric  iron  and  in  pockets 
in  rock  salt.  It  is  also  presumed  to  be  a  large  factor  in  the  atmos- 
phere of  the  sun,  its  Hnes  being  prominent  in  the  solar  spectrum* 
(See  spectrum  analysis.) 

Combined  hydrogen  is  both  widespread  and  abundant,  tie 
more  irnportant  forms  being  as  follows:  Water  consists  of  88.82 
per  cent  oxygen  and  11,18  per  cent  hydrogen.  Almost  all  or- 
ganic compounds^  both  vegetable  and  animal,  contain  relatively 
large  amounts  of^  hydrogen,  as  the  following  list  of  formulas  will 
illustrate: 

Caoe  sugar CijHiAi.  Marsh  gaa. CH4. 

Starch (C«HioOi)x.  Chloroform CHCU. 

• CiHiO.  Turpentine CiaHi*» 
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le  element  is  an  essential  constituent  of  the  group  of  sub- 
aces  known  as  acids.     Of  the  acids  the  most  common  are  hy- 
rochloric  (HCl),  sulfuric  (H3SO4).  nitric  (HNO3),  acetic  (HC5H3O1), 
id  hydrogen  sulfide  (HaS).     Hydrogen  is  also  an  essential  con- 
ituent  of  all  bases  of  which  sodium  hydroxide  (NaOH),  potassium 
hydroxide  (KOH),  calcium  hydroxide  (CaCOH)^),  and  ammonium 
liydroxide  (NH4OH)  are  the  most  common  examples.     Hydrogen 
is  a  constituent  of  hydrates  (see  p.  82)  and  of  many  salts  (see 
id  salts). 

History.  —  Although  both  Basel  Valentine  (15th  century)  and 

Paracelsus  (16th  century)  prepared  hydrogen  when  they  dissolved 

3n  in  sulfuric  acid,  neither  made  special  mention  of  it     In  the 

17 th  century  Boyle  noted  the  inflammable  character  of  this  "  air/' 

but  apparently  this  attracted  little  attention,  since  later  chemists 

Jo  not  mention  it.     Lemery,  in  1770,  offered  before  the  French 

idemy,  the  explosion  of  hydrogen  in  air  as  a  cause  of  thunder 

'and  also  pointed  out  that  it  might  be  prepared  from  iron  and 

» hydrochloric  acid*  It  was,  however,  confused  with  other  com- 
bustible gases.  It  was  Cavendish,*  an  EngUsh  scientist,  who  first, 
in  1766,  recognized  the  element  as  a  distinct  kind  of  **  air  "  or  gas. 
He  called  it  *'  inflammable  air."  He  prepared  the  gas  by  treating 
various  metals  with  hydrochloric  acid  and  also  with  sulfuric  acid. 
Priestley  and  Watt  (of  steam  engine  fame)  apparently  first  observed 
that  the  combustion  of  '*  phlogiston,"  as  they  considered  the  gas, 
with  "  dephlogisticated  air  "  (oxygen)  produced  water.  In  1787, 
Cavendish  published  quantitative  measurements  showing  the  com- 
position of  water.  Lavoisier  claimed  to  have  made  this  demon- 
stration^ but  apparently  he  obtained  information  of  Cavendish's 
experiments  in  advance  of  their  publication,  thus  giving  rise  to 
the  so-called  **  water  controversy/'  (See  Thorpe's  Essays.)  It 
is  certain,  however,  that  the  first  analysis  of  water  was  made  by 
Lavoisier  by  decomposition  of  water  by  means  of  iron  (see  Men- 
deleeff,  General  Chemistry,  p.  114).  The  name  we  owe  to  La- 
voisier (from  vSo)^  —  water  and  yivlw  —  to  produce). 

B  Preparation*  —  L  Electrolysis.  Hydrogen  may  be  readily  pre- 
pared by  the  electrolysis  of  water  in  an  apparatus  similar  to  that 
shown  in  Fig.  5.  Since  pure  water  is  not  a  conductor,  the  liquid 
used  in  the  apparatus  must  be  made  to  conduct  by  the  intro- 
*  See  Thorpe's  Chemical  EssayB,  Ca  vend  J  ah  and  Priestley. 
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duction  of  some  substance  such  as  sulfuric  acid,  sodium  hydroxide, 
etc.  A  fuller  explanation  of  the  function  of  these  dissolved  sub- 
stances will  be  given  later  (see  Ionization  Hypothesis).  For  the 
present  we  may  content  ourselves  with  the  observation  that  the 
effect  of  the  passage  of  the  current  is  to  separate  the  water  into 
its  constituents  and  when  the  operation  is  performed  it  is  found 
that  somewhat  more  than  two  volumes  of  hydrogen  are  produced, 
as  compared  with  the  one  of  oxygen.  For  an  explanation  of  the 
excess  hydrogen  over  the  theoretical  volume  relation  of  2  to  1,  com-* 
pare  the  solubility  of  hydrogen  (vide  infra)  with  that  of  axygeo 
and  the  mode  of  preparation  of  ozone  (p.  48).  This  mode  of 
preparation  of  hydrogen  is  used  on  a  commercial  scale^  but  sharei 
the  field  with  the  decomposition  of  steam  and  of  sulfuric  acid  by 
iron  (vide  infra). 

2.  Metals  and  Water.  —  Hydrogen  may  be  prepared  from 
water  by  reaction  with  metals.  There  is,  however,  very  great 
variation  in  the  rapidity  of  the  action.  Thus,  at  ordinary  tem- 
peratures sodium  and  potassium  react  upon  water  with  extreme 
vigor,  the  latter  with  such  violence  that  the  hydrogen  is  ignited 
from  the  heat  of  the  reaction.  Magnesium,  finely  powdered,  acts 
more  slowly.  These  metals  do  not  free  all  the  hydrogen,  but 
produce  a  class  of  bodies  called  hydroxides.  The  reactions  take 
place  as  indicated  by  the  equations: 


Na  +  H,0 

K  +  HiO 

Mg  +  2H,0 


NaOH  +  H, 
KOH  +  H, 
Mg(OH),  +  2H. 


■      'At  elevated   temperatures   other   metals   also  free   hydrogen 

"   from  water  and  form,  not  the  hydroxide,  but  the  oxide  of  the 

metals.     If  we  pass  steam  over  highly  heated  metals,   such  as 

iron,  magnesium,  zinc,  etc.,  the  following  reactions  take  place:       * 


Mg  +  HtO 
3Fe  +  4H,0 
2A1  +  3HiO 


MgO  +  2H, 
FeaO,  +  8H, 
AUO,  +  6H,  etc. 


These  reactions  are  not  essentially  different  from  the  on^ 
above  given,  since  if  we  heat  magnesium  hydroxide,  Mg(OH)t,  or 
the  corresponding  hydroxides  of  other  metals,  they  decompoee. 
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EsniiiDf  the  oxides*     We  may,   therefore,   look   upon   the  latter 
meliom  aa  being  the  final  stage  of  two  successive  steps,  e.g.^ 

Mg  +  2HsO  -^  Mg(0H)2  +  2H, 

Mg(OH)t  -♦  MgO  +  HiO. 

U  we  ikow  add  these  two  equations  algebraically  we  get 

Mg  +  HtO  -►  MgO  +  2H. 

TI10  mode  of  eoasideratioti  of  successive  chemical  reactions 

later  receive  fuller  attention. 

When  the  metals  which  decompose  water  are  arranged  in  the 

ler  of  the  speed  with  which  they  react,  the  order  is  found  to 
be  that  of  the  same  metals  in  the  electromotive  series  (see  p.  390), 
Thsy  will  also  be  found  to  precede  hydrogen  in  the  series.  The 
Hiker  metals  which  follow  hydrogen  may  be  heated  with  steam, 
without  any  production  of  hydrogen.  The  same  order  of  activity 
q(  ini»t^fi  will  be  noted  in  other  connections.  An  explanatioti  will 
be  offered  later  (see  p.  501).  Since  copper  follows  hydrogen  in 
Ike  deciroraotive  series,  it  and  its  alloys,  brass,  bronze,  etc.,  are 
beqooitly  employed  where  cheaper  metals  would  be  undesirable, 
f^.»  in  steam  whistles. 

3,  Metals  and  Acids.  —  Hydrogen  is  most  conveniently  pre- 
pared by  the  treatment  of  certain  metals  with  certain  acids.  For 
eample,  if  zinc  or  iron  be  treated  with  a  solution  of  hydrochloric 

I  Kid,  fOACtions  represented  by  the  following  equations  occur: 
Mm 
OfftI 


Zn  +  2HC1  -*  ZnCl,  +  2H, 
Fe  +  2HC1  -»  FeClt  +  2H, 


The  hydrogen  may  be  conveniently  collected  by  displacement 
wtter^  uaing  the  apparatus  illustrated  in  Fig.  14.  Another  type 
of  tpparBtus  may  be  used  when  the  gas  is  needed  in  considerable 
quEDtity.  This  is  known  as  Kipp's  apparatus  (Fig.  15)*  When 
^  gaa  flow  is  stopped  by  closing  the  stop  cock,  the  acid  is  auto- 
mtieaUy  removed  from  contact  with  the  metal  and  contact  is 
HWii  brought  about  when  the  gas  is  allowed  to  escape. 

The  following  points  regarding  the  action  of  acids  with  metals 
tft  to  be  noted.  If  an  acid  is  placed  upon  a  metal,  action  takes 
plwt  only  at  the  surface  of  contact.  Since  powdered  metals  offer 
» lilfer  surfaee  per  unit  weight  than  do  the  same  metals  when  in 
formi  the  more  finely  divided  a  metal  is,  the  more  rapidly, 


H 
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other  things  being  equal,  it  reacts  with  an  acid.  Thus  powdert»d 
zinc  evolves  hydrogen  from  an  acid  much  more  rapidly  than  do© 
the  granulated  or  stick  form. 

The  same  variation  in  speed  of  action  of  the  different  metah 
upon  a  given  acid  is  to  be  observed  as  in  the  case  of  their  reactioD 
upon  water.  Thus  sodium  and  potassium  react  with  hydrochloric 
acid  very  rapidly,  zinc  and  iron  slowly,  tin  and  lead  very  slowly, 
copper  and  mercury  not  at  all  (c/.  Electromotive  series,  p.  390), 
In  comparing  the  speed  of  reaction  of  different  metals,  it  should 
be  noted  that  since  the  action  of  acids  upon  metals  is  in  all  cases 
exothermic  unless  the  initial  speed  is  the  same,  the  heat  evolved 
will  increase  the  rate  of  one  reaction  more  than  that  of  another* 


^ 


Fio.  14. 


Fia.  15, 


If  a  stick  of  zinc  be  placed  in  dilute  acid  and'carefully  observed, 
bobbles  of  hydrogen  will  be  seen  adhering  to  its  surface.     It  is 
obvious  that  the  presence  of  these  bubbles  interferei;  with  the  ' 
desired  intimacy  of  contact  between  metal  and  acid.     If*  however,  I 
a  stick  of  zinc  and  a  platinum  plate  are  immersed  in  acid,  and  the  | 
two  are  connected  outside  the  liquid  by  means  of  a  platinum  or  | 
copper  wire,  we  have  the  familiar  device  known  as  an  electrical ' 
couple.     In  this  case,  the  bubbles  of  hydrogen  will  be  observed  to 
come  from  the  platinum  surface,  although  the  chemica.1  reaction  | 
is  wholly  upon  the  zinc.     The  zinc  surface  is  wholly  exposed  to  I 
the  acid.     To  a  degree  the  same  condition  obtains  if  lx)th  metala] 
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^re  wholly  immersed.  Hence  platinum,  or  other  inactive  metal, 
D  contact  with  an  active  one  increases  the  rate  of  action  of  the 
icid  eatalytically.  In  the  same  way,  impurities  in  a  metal,  fur- 
lishing  as  they  do  many  such  couples,  increase  the  rate  of  action 
>etween  the  metal  and  acid. 

With  respect  to  the  acids  used,  there  is  also  variation.  If 
the  rates  of  evolution  of  hyckogen  be  measured  when  we  use  pieces 
jf  zinc  of  like  size  with  hydrochloric,  sulfuric  and  acetic  acids  of 
Ske  concentration,  it  will  be  found  that  the  rates  are  not  equal. 
tkn  explanation  of  this  variation  of  rate  will  be  given  in  Chapter 
[X  iq^v.).  It  is,  therefore,  obvious  that  there  is  choice  to  be  made 
among  acids  if  we  seek  the  one  most  appropriate  for  the  purpose. 
This  becomes  especially  apparent  when  we  find  that  if  we  treat 
active  metals  with  nitric  acid,  no  hydrogen  is  obtained  although 
the  metals  are  rapidly  dissolved  (c/.  Chap.  XVI).  If  zinc  or 
other  active  metal  is  treated  with  concentrated  sulfuric  acid  (i.e., 
acid  free  from  water) »  little  or  no  evidence  of  chemical  reaction 
at  room  temperature  is  obserx^ed.  If  the  metal  and  acid  are  heated 
together,  vigorous  action  occurs  but  no  hydrogen  is  formed.  On 
the  other  hand,  if  dilute  sulfuric  acid  (i.e.,  acid  mixed  with  more  or 
leas  water)  be  placed  upon  zinc,  hydrogen  is  rapidly  evolved.  It 
can,  however,  be  shown  that  the  hydrogen  does  not  come  from  the 
water.  We  may  then  say  that  the  water  acts  as  a  catalytic  ag^nt. 
An  explanation  of  its  function  is  given  in  Chapter  IX. 

We  may  sum  up  the  foregoing  observations  upon  the  prepara- 
tion of  hydrogen  from  acids  by  saying  that  certain  metais  when 
treated  with  certain  acids  in  solution  liberate  hydrogen  at  a  rate 
depending  upon  the  character  of  the  metal  and  acid  used,  and  upon 
the  temperature  and  the  catalytic  agents  present. 

4,  Metals  and  Bases.  If  alumiukmi  is  allowed  to  stand  in 
contact  with  a  strong  solution  of  sodium  or  potassium  hydroxides, 
hydrogen  will  be  slowly  evolved  and  a  substance  called  sodium 
alurainate  will  go  into  solution.     The  reaction  is  indicated  by  the 

SNaOH  +  Al  ^;AI  (0Na)3  +  3H. 

In  a  similar  manner  several  other  metals  liberate  hydrogen 
from  bases,  either  in  solution  or  when  the  dry  substances  are  heated 
together.  An  example  is  furnished  by  zinc,  which,  if  heated  with 
aodium  hydroxide,  reacts  as  indicated: 

Zn  +  2NaOH  -*  Zn  (ONa)a  +  2H. 
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Purificatmn  of  Hydrogen,  —  Hydrogen  as  prepared  by  any  i 
the  methods  described  is  alwaya  mixed  with  some  water  vapor  and 

frDquently  with  small  quanti- 
ties of  other  gases  derived  from 
impurities  in  the  materials 
used.  It  is  frequently  desir- 
able to  remove  these,  and  also 
any  solid  particles  carried  me- 
chanically by  the  stream  of  gas. 
The  impurities  other  than  water 
can  usually  be  removed  by  al- 
lowing the  gas  to  bubble  slowly 
through  a  gas  washing  bottle 
(Fig*  16)  containing  a  solution 
of  some  good  oxidizing  agent 
such  as  an  acidified  solution 
of  potassium  permanganate. 
Water  vapor  may  be  removed 
by  passing  the  gas  through 
concentrated  sulfuric  acid.  A 
plug  of  cotton  wool  placed  at 
any  point  in  the  gas  stream 
will  retain  the  solid  particles.  If  the  last  traces  of  moisture  are 
to  be  removed  the  gas  is  passed  through  a  drying  train,  as  shown  in 


Fio.  17* 


Rg.  17.  The  U  tubes  are  filled  with  substances  which  abeorl 
moisture  readily,  such  as  calcium  chloride.  The  most  efficient 
drying  agent  is  phosphorus  peutoxide. 
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n^^wtcal  Propertiefi,  —  It  will  be  eoQvemeiit  to  place  the  ph> 
properties  of  hydrogen  in  t-abular  form  and  follow  the  table 
dbctiasion  of  certain  of  them. 


Oh  aI  room  tempesrature. 

I  gravitT,  0.06d5. 
■ty  (H  =  I),  L 
Weybt  of  I  liUr,  0.08987  g* 


Solubility  in  water,  2  vol  :  100. 
Solubility  in  p&Uadium^  501  vol.  :  1. 
Criticai  temperature,  -234'*  C 
Critical  preeniTD,  20  atmoophava. 
Speeifie  gn^Tity  of  liquid,  Oj07. 
Specifie  heat  (gaa),  3.4. 
Boilifig  point  {5S  mmX  ~200^G. 


Gas* — ^The  term  gas  as  used  in  science  is  not  susceptible  of 
tsact  definition  except  in  terms  of  the  kinetic  molecular  hypothesis 
Chap.  V).  The  term  was  apparently  invented  by  Van  Bel- 
li^ aa  alchemist  (died  1644),  to  distinguish  substances  such  as 
in  from  vapors  which  arise  from  hot  liquids  and  condense 
i^in  on  cooling.  The  derivation  of  the  word  is  unknown.  We 
maj  say  that  a  gas  is  a  substance  which  expands  automatically 
vithoui  limit  unless  confined  and  which  fills  any  vessel  in  which  it 
is  confined. 

Denaaty.  —  The  densit>'  of  substances  may  be  defined  as  the 
ra^t  of  unit  volumes.  Ver>*  frequently  we  desire  to  express  the 
rdiliYe  densities.  For  this  purpose  various  modes  of  expression 
trt  in  use.  One  frequently  employed  for  gases  is  to  state  the 
mght  in  grams  per  liter  when  the  gases  are  measured  under  stand* 
iird  eonditions.  Thus  we  say  the  weight  of  one  liter  of  hydrogen  is 
OlOW  grama;  that  one  liter  of  oxygen  is  1.429  grams;  of  air,  1.293 
Another  standard  method  of  comparison  is  in  terms  of 
gia¥ity.  Air  is  taken  as  the  unit  for  gases  (water  as  the 
It  for  liquids  and  solids).  Thus  we  find  the  relative  weight  of 
drogen  compared  with  that  of  air  under  like  conditions  is  as 
.069a  to  I.  That  is,  the  specific  gravity  of  hydrogen  is  0.0695. 
No  other  gas  is  so  light  b»  is  hydrogen.  It  is,  therefore,  sometimes 
md  as  a  basis  for  comparison.  We  ordinarily'  use  the  term  den- 
y  (H  -  1)  to  describe  this  relation.  Thus  the  density  of  oxygen 
==  1)  is  15.96;  that  of  air  (H  =^  1)  is  14.4. 
According  to  the  principle  of  Archimedes  (see  Ph3^ic8)  any 
supported  in  a  fluid  (gas  or  liquid)  is  buo3red  up  to  an  extent 
flieafured  by  tlie  weight  of  fluid  displaced.  Since  hydrogen  is 
iter  tliati  air,  an  enclosed  volume  of  it  tends  to  rise  and  this 
may  be  utilised  for  the  purpose  of  lifting  other  bodies. 


The  liftmg  power  of  hydrogen  is,  therefore,  measured  by  the  diffCT-i 
ence  between  the  weight  of  hydrogen  used  and 
that  of  the  vohime  of  air  displaced.  For  *a 
liter  of  hydrogen  at  standard  conditions  in  air 
under  the  same  conditions  the  lifting  power  is 
therefore  L203  grams.  This  property  of  liy-| 
drogen  is  utihzed  in  many  ways  (see  Uses).  U 
is  also  because  of  the  low  density  of  hyd 
that  it  may  be  collected  by  downward  dispL 

ment  of  air,  and  may  be  poured  upward  from  one  vessel  to  anoth^| 

(Fig.  18). 


A 


'w' 


Fto.  20. 


*  Dtfftision*  —  When  a  vessel  containing  any  gas  is  opened, 
gas  expands  until  it  eventually  fills  all  accessible  space.     Tk 
property  of  gases  is  called  diffusion  (diffusus,  p.p,  of  diffundere 
to  spread).     It  may  be  illustrated  by  bringing  the  mouth  of 
cylinder  containing  ammonia  over  the  mouth  of  a  similar  cylindd 


I 


HYDROGEN 

ociDtaiatng  hydrochloric  acid  gas.  The  progress  of  the  diffusion 
may  be  traced  by  the  white  cloud  formed  when  the  particles  of  the 
tw©  gases  meet.  Again,  if  we  open  a  bottle  of  pungent  perfume, 
Ikm  escaping  gas  will  permeate  a  whole  room.  This  power  of  auto- 
beotDQtion  is  common  to  all  gases  but  the  rate  is  a  function  of  the 

tty.  The  rate  of  diffusion  of  different  gases  was  first  studied  . 
ully  by  Graham,  a  Scotch  chemist  (1838),  and  the  following  | 
detertiiined.  The  rate  of  diffusion  of  gases  is  approximately 
proportional  to  the  square  root  of  their  speci^c  gravities 
(or  di^tsities).  Hydrogen,  being  the  Ughtest  gas  known,  moves 
rapidly.  The  relative  rates  of  motion  of  air  and  hydrogen 
v'^.OdQo  —  3.7  :  1)  may  be  beautifully  illustrated  by  a  sort 
obstacle  race.  A  quantity  of  air  is  con&ned  in  a  porous  cup 
to  a  Woulff  bottle  as  shown  in  Fig.  19.  The  Woulff  bottle 
partially  filled  with  water,  and  fitted  with  an  outlet  tube  as  shown, 
bell  jar  filled  with  hydrogen  is  lowered  over  the  porous  cup, 
hydrogen  diffuses  into  the  cup  more  rapidly  than  air  finds  its 
wmy  out  into  the  bell  jar,  the  gas  pressure  within  the  cup  increases 
ud  water  is  forced  out  of  the  Woulff  bottle  producing  a  fountain 
as  liioini  in  the  figure.  When  the  bell  jar  is  removed,  hydrogen 
tiiMi  escapes  from  the  cup  more  rapidly  than  air  enters,  thus  ere- 
w&D%  a  diminished  pressure  within  the  cup,  and  air  is  consequently 
diawn  in  through  the  jet  tube.  A  simitar  illustration  is  shown  in 
Fig.  20.  Here  the  difference  in  rate  is  made  to  produce  a  rise  of 
nereary  in  the  limb  A  of  a  U  tube  thus  completing  the  circuit 
d  an  electric  bell  attachment. 

Soltibility  in  Water  and  in  Solids.  —  Hydrogen  is  even  less 
nlafafe  in  water  than  is  oxygen  and  hence  may  be  collected  over 
water  with  negligible  loss.  If,  however,  it  is  passed  over  warmed 
i&d  finely  divided  palladium  it  is  absorbed  to  a  remarkable  extent. 
This  phenomenon  was  first  observed  by  Graham  *  and  named 
fledttdcn  (occludo  =  to  shut  up)*  The  same  phenomenon  is  also 
observed  with  other  solids,  thus,  charcoal  after  ignition  wiE  absorb 
twice  its  volume  of  hydrogen;  lead,  0.15;  aluminium,  2.7 j  copper, 
U;  nickel,  17;  iron,  19;  platinum,  49;  palladium,  501.  The 
bit  named  under  special  conditions  will  absorb  nearly  900  volumes. 
OUwr  ipues  are  also  occluded  by  solids,  but  not  in  the  same  ratios 
•i  with  hydrogen.  Thus  molten  silver  occludes  oxygen  to  a 
miiderafale  extent,  but  does  not  occlude  hydrogen  at  all.  Am- 
oocluded  to  a  very  grejit  extent  by  charcoal.  This 
•  Phil.  Mag.  i,  XXXII,  p.  516 
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absorption  of  gases  by  solids  differs  from  the  solution  of 
by  liquids  in  many  particulars,  but  notably  in  that  the  mHis 

dissolve  gases  to  a  greater  extent  when 
hot.  Abo,  possibly  by  reason  of  con* 
centration  in  the  metal,  the  chemical 
activity  of  occluded  gases  is  materially 
increased.  This  is  used  to  advantage 
in  automatic  gas  lighters  and  in  match- 
less cigar  lighters.  In  these,  finely  di- 
vided metal,  platinum  or  palladium,  ifl» 
when  saturated  with  oxygen  from  the 
air,  exposed  to  an  atmosphere  of  gail 
or  wood  alcohol  and  the  reaction  in" 
the  pores  of  the  metal  raises  the  tem- 
perature sufficiently  to  ignite  the  external 
materials.  This  method  of  starting 
combustion  was  discovered  by  Dobe- 
reiner,  who  devised  a  so-called  lamp, 
shown  in  Fig*  21,  in  which  platini2ed 
asbestos  and  hydrogen  are  used  together 
with  air<  Whether  the  occlusion  of  gas 
by  a  Bolid  is  a  chemical  reaction  or  not  is  a  mooted  question,  the 
discussion  of  which  in  our  present  state  of  knowledge  is  fruitless. 
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Chemical  Properties*  —  1,  Direct  Union  with  Elements* 
Hydrogen  burns  readily  in  the  air.  The  flame  produces  so  little 
light,  as  compared  with  an  ordinary  gaslight,  that  it  is  ordinarily 
called  ^' non-luminous '*  or  ''colorless/'  As  a  matter  of  fact,  the 
flame  is  somewhat  luminous  and  is  of  a  bluish  tint.  To  illustrate 
this  fact,  the  hydrogen  should  be  burned  from  a  jet  equipped  with 
a  platinum  or  other  non-voiatile  tip;  otherwise  the  heat  of  com- 
bustion may  volatilize  the  material  of  which  the  tip  is  composed 
giving  color  to  the  iame.  With  an  ordinary  glass  tip,  the  color  is 
an  intense  yellow.  The  color  is  due  to  the  presence  of  sodium 
in  the  glass  (see  Flame  Colorations,  p.  421).  ■ 

The  heat  of  combustion  of  hydrogen  is  very  great,  34,000  cal. 
per  gram.  If  by  means  of  a  blast  lamp  (Fig.  22)  the  combustion 
of  hydrogen  is  made  very  rapid,  a  very  high  temperature  is  pro- 
duced. A  blast  lamp  is  so  constructed  that  an  intimate  mixture 
of  air  or  of  oxygen  and  the  gas  to  be  Ijurned  is  secured  at  the  place 
of  ignition*    The  temperature  of  the  oxy-hydrogen  flame  in 
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lamp  is  about  2500**  C.  This  temperature  is  BUJEciently 
to  melt  platinum  and  many  other  refractory  materials*  It 
sufficient  where  the  fiame  is  directed  against  a  piece  of 
klime  to  heat  the  latter  to  an  intense  white  heat.  This 
lod  of  obtaining  an  intense  light  was  formerly  much  used  in 
m  projection  and  stage  illumination,  until  displaced  by  the 
nc  light.  The  light  was  variously  known  as  the  Drummond 
(from  the  name  of  its  inventor),  as  the  calcium  or  limelight 
I'i  the  na^terial  used)  and  as  the  spotlight  (from  the  use  made 
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fit).    The  latter  terms  are  used  at  present  in  various  connections 
th  figurative  and  literal. 
If  hydrogen  is  mixed  with  air  or  with  oxygen  and  then  ignited^ 
iOoibiaBiion  takes  place  with  extreme  rapidity.     The  heat  pro- 
duced raisee  the  temperature  of  the  water  vapor  or  of  residual 
PM  and  there  may  be  consequent  sudden  expansion  of  volume,  i.e., 
I  explosion.     This  is  weU  illustrated  by  the  laboratory  toy  known 
the  *'  hydrogen  gun.**     It  may  also  be  shown  by  blowing  soap 
ilfs  by  means  of  a  mixture  of  oxygen  and  hydrogen.     The 
when  ignited  explode  with   surprising  violence.     When 
hydrofen  issuing  from  a  jet  is  ignited,  some  intermingling  with 
the  mr  has  alwa3rs  taken  place  so  that  the  ignition  is  accompanied 
isf  a  miniature  explosion  known  as  the  *'  characteristic  pop  "  of 
hydiDgen.     A  mixture  of  hydrogen  and  oxygen  does  not  react 
apptreoUy  at  ordinary  temperature.     When  a  mixture  is  kept  at 
800^,  several    daj-s   are   required   for  complete   combustion.     At 
518*  the  union  ia  complete  in  a  few  hours.     At  GOC^  the  union  is 
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rapid  but  not  explosive*     At  700^  it  is  bo  rapid  that  we  say  it  ial 
of  explosive  \noIence*     It  is  probable  that  even  at  room  tem- 
perature the  reaction  goes  on  hut  at  a  rate  not  susceptible  of 
measurement.     It  is  estimated  that  many  million   years  would 
elapse  before  measurable  progress  of  the  reaction  would  be  made. 

Hydrogen  unites  with  fewer  elements  than  does  oxygen.    It 
is  also  as  a  rule  much  less  active  at  ordinary  temperature.     Fluo- 
rine is  the  only  element  with  which  it  reacts  rapidly  at  room  tern-  j 
peratures   (15^  to  20°),     With   chlorine  the  reaction  is  slow  aia 
room  temperature  but  the  rate  is  vastly  increased  by  increase  of" 
temperature!  by  the  presence  of  catalytic  agents  and  particularly 
by  sunlight  {cf.  Chlorine,  Chapter  VI).     When  hydrogen  has  com- 
bined with  fluorine,  chlorine,  bromine  or  iodine,  the  products,  if 
dissolved  in  water,  are  strong  acids.     The  compounds  with  sulfur, 
selenium  and  tellurium  are  weak  acids.     Hydrogen  unites  with* 
certain  metals  forming  compounds  which  may  be  re-crj^stallizedB 
from    liquid    ammonia    (see    Potassium,    Chapter    XXIII).     The  " 
compounds  of  hydrogen  with  other  single  elements  might  properly 
be  termed  hydrides.    As  a  matter  of  fact,  the  term  is  only  used 
when  speaking  of  the  hydrides  of  the  metals. 

2.  Reduction  by  Hydrogen,  —  We  have  seen  (p,  29)  that 
oxides  and  other  oxygen  compounds  when  heated  show  a  ten  dene; 
toward  decomposition  with  liberation  of  oxygen.  This  tendeoc/ 
is  favored  by  the  presence  of  hydrogen.  If  copper  oxide,  iron 
oxide,  etc.,  are  heated  in  a  stream  of  hydrogen,  the  oxides  are 
converted  into  metals  and  water  is  produced  as  indicated  in  tht 
following  equations. 

CuO  +  2H  -►  Cu  +  HjO, 
FesO*  +  8H  ->  3Fe  +  4HtO. 
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Processes  such  as  these  are  called  reductions.    It  will  be  seen 
that  in  the  cases  cited  the  oxide  is  reduced  while  hydrogen 
oxidized.     Indeed,  in  the  widest  sense  the  two  processes  are  in-* 

separable  and  the  oxidation  of  one  substance  is  coincident  with 
the  reduction  of  another  (cf.  p.  228).  J 

AU    oxides   are   not   reduced    by   hydrogen   at    temperatures" 
readily  obtained.    Thus  laboratory  experiments   will   show   the 
student  that  at  the  temperature  obtained  by  the  Bunsen  burner,^ 
alu;ninium  oxide,  AljOa,  is  not  reduced  by  hydrogen.     The  stabilityV 
of  the  oxides  of  metals  towards  reduction  is  in  inverse  order  to  the 
position  of  the  metals  in  the  electromotive  series  (p.  390).     Oxide 
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>f  the  metals  above  aluminium  are  not  reduced  at  available  tem- 
peratures while  those  below  are,  and  indeed  the  more  readily,  the 
ower  the  metal  in  the  series. 

A  very  interesting  class  of  reducing  actions  is  furnished  by 
aydrogen  when  it  is  just  being  liberated  from  compounds.  We 
sao  remove  easily  oxidizable  materials  from  hydrogen  by  passing 
the  impure  gas  through  acidified  potassium  permanganate  with 
but  very  little  oxidation  of  the  hydrogen.  If,  however,  we  liberate 
the  hychogen  in  the  permanganate  solution  by  addition  of  a  Mttle 
rinc  the  effect  of  the  presence  of  the  metal  is  ver>'  greatly  to  facilitate 
the  oxidation  of  the  gas.  This  is  a  typical  case  of  increased  activity 
of  elements  when  they  are  in  the  act  of  being  liberated  and  was 
for  a  time  supposed  to  be  due  to  a  special  state  of  the  element, 
known  as  the  **  nascent  state."  The  fact  that  the  rate  of  action 
depends  upon  the  metal  used  has  led  to  the  assumption  that  it  is 
due  to  what  is  known  as  "  contact  action  **  in  which  the  metal  is 
said  to  act  "  catalytically/'  In  most  cases  the  increase  of  speed 
is  probably  due  to  the  increase  of  concentration  of  the  reacting 
element,  the  increased  concentration  being  due  to  occlusion. 

Valence*  —  If  we  write  the  equations  representing  the  quantity 
of  hydrogen  liberated  from  hydrochloric  acid  by  one  atomic  weight  of 
Bodiumi  one  of  zinc  and  one  of  aluminium,  we  get  the  foUowing: 

Na+    HCl^NaCl  +  H, 

fZn  +  2HC1 -^  ZnCli  +  2H, 
^"  A]>  3Ha  -^  AlCU  +  3H. 
18  apparent  that  the  atomic  weights  of  these  three  elements 
differ  not  only  in  the  amount  of  hydrogen  displaced  but  in  the  quan- 
tities of  chlorine  held  in  combination.  If  we  examine  the  other 
equations  in  this  and  the  two  previous  chapters,  we  shall  note 
similar  relations.  Thus,  one  atomic  weight  of  sodium  displaces 
one  of  hydrogen  from  water  and  one  of  magnesium  displaces  two. 
This  property  of  the  atomic  weights  of  the  elements  is  termed 
valence.  If  we  consider  the  valence  of  hydrogen  as  unity,  we  may  " 
express  that  of  another  element  in  terms  of  hydrogen.  Thus  an 
atomic  weight  of  sodium  in  the  above  equation  has  the  same  va- 
lence (combining  value)  as  hydrogen.  We  speak  of  it  therefore  as 
univalent.  Zinc  is  bivalent  and  aluminium  is  tervalent.  We  may 
also  use  Greek  instead  of  Latin  numerals.  Thus  sodium,  zinc  and 
aluminium  are  mono*,  di*  and  trivalent  respectively. 
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AlsOi  in  coDBidering  the  equations  of  this  chapter,  we  may 
that  certain  portions  of  compounds  consisting  of  more  than  one' 
element  appear  to  be  transferred  from  one  compound  to  another 
intact.  The^e  groups  we  will  call  radicals.  Thus  we  find  the 
group  SO4,  called  the  sulfate  radical ^  in  copper  sulfate,  CuSOi,  riDC 
sulfate,  ZnSOi,  aluminium  sulfate,  AltCSOOs,  sulfuric  acid,  HiSO^, 
etc.  These  radicals  have  each  a  distinct  valence.  This  may  bej 
illustrated  by  the  following  equations: 

Na  +  HiO  -*  NaOH  +  H, 
2Ka  +  H2SO1  -►  NajSO*  +  2H, 
3Na  +  H5PO1  -*  Na,P04+  3H. 

The  radicals,  OH,  SO4  and  PO*  are  respectively  mono*,  di-  and  tfl* 
valent. 

Valence  may  now  be  defined  as  the  numerical  combining  valut 
of  atomic  weights  of  the  elements  and  formula  weights  of  ndicili 
in  terms  of  hydrogen  as  unify. 

It  is  usually  possible  to  ascertain  the  valence  of  an  element 
by  an  inspection  of  the  formulas  of  its  binary  compounds  (iVe., 
compounds  with  one  other  element)  provided  we  know  the  valence 
of  the  other  element.  Thus,  since  hydrogen  is  the  unit  of  valenc€, 
chlorine  in  b3^drochloric  acid^  HCl,  is  univalent.  Since  the  formula 
of  water  is  HjO,  oxygen  may  be  regarded  as  bivalent.  With  these 
starting  points  then,  AlCU  and  AlfOj  indicate  for  aluminium 
valence  of  three,  FejOs  and  FeCU  a  valence  for  iron  of  tl 
With  compounds  of  more  than  two  elements,  it  is  not  possible 
ascertain  valence  relations  by  inspection  except  where  we  consider 
them  made  up  of  a  radical  with  one  other  element.  Thus,  if  WB 
consider  potassium  permanganate,  KM0O4,  as  made  up  of  the  ele- 
ment K  and  the  radical  MnOi,  we  may  expect  the  radical  MnOi 
to  be  univalent  since  potassium  is  univalent.  The  student  is  urged 
to  note  the  valence  of  the  elements  and  radicals  as  they  come  under 
Ms  obser\^ation,  as  this  knowledge  is  of  great  assistance  in  lean 
the  exact  composition  of  compounds  as  expressed  by  formulas. 

Too  much  confidence  is  not  to  be  placed  in  the  method  of  learn 
ing  valency  by  inspection*     Thus  the  formulas  FejO*  and  HiQt  give 
no  clue  to  the  valency  of  either  iron  or  oxygen.     Further,  it  is  to 
be  observed  that  many  elements  have  variable  valency.     If  tb 
above  discussion  leaves  a  feeling  of  uncertainty  and  dissatisfactioi 
in  the  mind  of  the  student,  he  is  asked  to  be  patient  and  use 
conception  of  valence  as  a  tool.     The  full  and  satisfactory  expL 
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i  must  await  the  knowledge  of  certain  facte  and  hypotheses  not 
&l  hand.     These  will  be  found  in  subsequent  chapters  (cf. 
Am). 

4§inity  onci  Reversibte  Changes*  —  It  will  have  been  observed 
oacygen  unites  readily  with  hydrogen  and  with  many  other 
aia.  Hydrogen  unites  with  fewer  elements  and  as  a  rule 
vipirousl}'.  In  order  to  account  for  these  and  similar  facts, 
le  the  existence  of  a  certain  attractive  force  which  is 
of  chemical  union.  This  attractive  force  we  call  chemi- 
■flnitf.  ^  What  it  is,  we  simply  do  not  know.  In  this  respect  it 
I  on  the  same  plane  as  gravitation,  love  and  sundry  other  causes  of 
While  we  do  not  know  what  chemical  affinity  is,  yet,  if  we 
the  existence  of  such  a  force,  we  can  ascertain  the  manner 
and  esiteni  of  its  operations  and  the  laws  which  govern  them  and 
Ikus  achieve  one  of  the  objects  of  chemical  study:  a  control  over 
Ilia  ptocKBBm  of  nature.  We  note  then  that  the  existence  of  an 
attractive  force  between  elements  is  assumed  as  a  necessary  ante- 
ciident  to  chemical  reaction,  and  upon  the  intensity  of  this  force 
depends  the  rate  of  combination  of  elements  under  given  conditions 
aad  iipoD  which  the  stability  of  the  compounds  produced  also  de- 
pendSk 

The  asBumption  of  chemical  affinity  as  a  cause  of  chemical 
reactioo  is  not  alone  a  sufficient  explanation  of  all  the  reactions 
ditraased  ta  this  chapter.  For  example,  we  observe  that  hydrogen 
aad  an  iron  oxide  are  produced  when  steam  is  passed  over  heated 
trom  (p.  54)  while  when  a  stream  of  hydrogen  is  passed  over  heated 
iroD  oxide,  water  and  iron  are  produced.  The  reaction  evidently 
0069  either  way  according  to  the  conditions. 

This  situation  is  not  unique  and  reactions  of  this  type  are  called 
nverdble  reactions.     Reversible  reactions  may  be  indicated  by 
[  of  the  double  arrow  symbol  i^.     Thus: 


3Fe  +  4H|0  ^  FcO*  +  8H. 


That  affinity  alone  does  not  account  for  such  reactions  is  clear. 
If  wc  assume  in  the  above  case  that  iron  decomposes  water  be- 
rl  has  a  greater  affinity  for  oxygen  thao  hydrogen  has,  we  are 
the  reverse  reaction  led  to  the  absurd  conclusion  that  hydrogen 
lem  iron  oxide  because  it  has  a  greater  affinity  for  oxygen  than 
iron,  Ab  a  matter  of  fact,  we  note  that  water  is  decomposed 
iroo  when  a  given  set  of  conditions  is  met  and  the  reverse 
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reaction  takes  place  when  a  different  set  of  conditions  is  provideA] 
We  may  say,  then,  that  the  character  of  chemical  reaction  depend* 
upon  the  affinities  of  the  reacting  materials  and  upon  the  conditions' 
of  reaction.  The  laws  governing  reversible  reactions  will  be  sum- 
marized in  Chapter  VIL 

Uses,  —  Hydrogen  finds  many  practical  uses.  It  is  a  compo- 
nent of  natural  gas  and  of  nearly  all  artificial  fuel  gases,  such  as 
coal  gas  (p.  348)  and  water  gas  (p.  348).  It  is  therefore  used  as  a  fuel 
It  is  used  by  the  braziers  and  jewelers  in  the  oxy-hydrogen  blow- 
pipe for  providing  high  temperatures.  It  is  also  used  in  the  manu- 
facture of  ammonia  (see  p.  264),  Its  most  conspicuous  applicatioo 
is  for  the  inflation  of  balloons.  These  range  in  size  and  importance 
from  the  toy  balloons  sold  on  the  street  corners  and  at  county  fairs 
to  the  huge  war  ballpoos  of  the  Zeppelin  type.  The  latter  attained 
special  importance  in  the  World  War  and  it  is  of  interest  to  note 
their  vast  size.  The  war  Zeppelins  are  from  150  to  160  meters  in 
length;  14  to  17  meters  in  diameter  and  hold  from  22,000  to  30,000 
cubic  meters  of  gas.  Their  carrying  capacity  is  therefore  very 
great  and  their  destructive  possibilities  enormous.  It  is  also  of 
interest  to  observe  that  the  hydrogen  for  filling  them  is  prepared 
by  electrolyzing  solutions  of  common  salt.  The  other  products  of 
the  electrolysis  are  sodium  hydroxide  and  chlorine  (c/.  Chlorine 
Uses,  p,  122). 
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Compaunds*  —  The  compounds  of  hydrogen  are  both  nume 

ous  and  of  vast  importance,  since  it  enters  into  the  composition 
such  substances  as  petroleum,  wood,  starch,  muscle  and  brain 
tissue,  etc.  It  is  also  an  essential  constituent  of  acids  and  bases 
and  hence  it  is  important  in  inorganic  chemistry.  Perhaps  its  most 
important  compounds  are  with  oxygen,  mz,^  water  and  hydrogen 
peroxide.  These  are  so  valuable  and  indeed  fundamental  in  the 
inorganic  chemical  s>^tem  that  a  special  chapter  will  be  devoted 
to  them  and  in  every  other  chapter  the  chemisty  of  water  will 
unavoidably  play  a  part.  The  study  of  other  hydrogen  compounds 
is  taken  up  with  that  of  the  other  elements  with  which  it  combine8«J 

Exercises.  —  1.   Calculate  the  percentage  by  weight  of  hydr 
in  marsh  gas.  CH*;  alcohol,  CaHflO;  turpentine,  C»oHifi. 
2*  Assume  that  all  the  hydrogen  can  be  readily  isolated 
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I  of  the  three  compounds  in  Exercise  1  and  calculate  the  volunie 
\ht  obtained  under  standard  conditions  from  10  grams  of  each. 
S.  Write    the    equations   for   the   reactions   between   sodium, 
Bium,  and  magnesium,  and  cold  water,  and  determine  how 
crams  of  each  metal  are  needed  to  procure  22.4  liters  of 
en  under  standard  conditions.     Compare  the  weights  found 
'Irith  the  atomic  weights  of  the  metals, 

*,  The  heat  of  the  reaction  Zn  +  2HC1  -*  ZnCla  +  2H  is  34,400 
when  the  reaction  is  carried  out  in  a  solution  in  water* 
r  much  increase  of  temperature  will  take  place  when  6.5  grams 
nnc  are  dissolved  in  500  cubic  centimeters  of  the  dilute  acid, 
jgnmifig  no  loss  by  radiation  or  otherwise?  Assume  abo  the 
ablution  to  weigh  500  grams  and  to  have  unit  specific  heat. 

6*  Calculate  the  volume  of  a  hydrogen  balloon  needed  to  just 
bilaiice  a  weight  of  100  pounds;  assuming  standard  temperature 
tad  pressure  conditions. 

6,  Make  a  list  of  all  the  equations  given  in  Chapters  I,  II  and 
in  and  classify  the  elements  or  radicals  involved  in  the  changes 
looofding  to  the  valence  shown. 

7,  What  are  the  radicals  of:  Phosphoric  acid,  sulfuric  acid, 
acidf  hydrogen  sulfide,  sulfuroua  acid,  sodium  nitrate,  po- 

Ansa  carbonate,  hydrofluoric  acid,  hydrofluosiUcic  acid?     Indi- 
ite  the  valence  of  each  radical.     (Use  index  to  obtain  formulas.^ 
8*    (a)   What    are   the   formulas   for  the  aluminium   salts  of 
iulfuric,  nitric,  tartaric,  phosphoric,  and  hydrochloric  acids? 

(i)  What  are  the  formulas  for  calcium  fluoride,  sodium  car- 
bide^  lithium  hydride,  lithium  nitride,  chlorine  diojdde? 

9.  Give  the  formulas  for  ferrous  oxide,  ferric  oxide,  chromoua 
^timi^f  chromic  chloridei  manganous  and  mangaoic  hydroxidea. 


CHAPTER   rV 
WATER 


Occurrence. — ^  It  has  been  estimated  by  LeCont€?  that  if 
earth  were  perfectly  smooth  and  round,  enough  water  is  foimd 
the  earth  to  cover  it  uniformly  to  a  depth  of  more  than  two 
It  actually  does  cover  three-fourths  of  the  surface  to  a  varying  depi 
It  18  found  in  three  states  of  aggregation:  as  vapor  in  the  air, 
liquid  in  and  on  the  surface  of  the  earth,  and  as  a  solid,  ice  and  sno 
Also,  many  substances  which  appear  to  be  dry  will  on  heating^ 
abundant  quantities  of  water.     For  example,   the  hniima 
yields  on  desiccation  about  66  per  cent  water,  land  plants 
cent  to  75  per  cent  and  even  clay  about  14  per  cent. 

When  water  in  the  liquid  condition  is  given  free  opportunit 
to  do  so,  it  tends  continuously  to  change  into  the  gaseous  foi 
water  vapor,  at  a  rate  which  is  a  function  of  the  temperatui 
Heat  is  absorbed  in  the  process.  Thus,  air  above  water  surfac 
receives  a  certain  amount  of  vapor  which  is  carried  along  wi 
the  air  current^?,  and  by  its  own  tendency  to  expand  indefinitel; 
to  a  place  more  or  less  remote  from  the  water  surface.  When  tl 
vapor  reaches  regions  of  lowered  temperature,  a  part  of  it  mi 
be  condensed  to  liquid  or  solid  form  and  produce  clouds,  fog,  d&i 
rain,  frost  or  snow.  This  process  liberates  heat.  The  heat 
erated  by  condensation  of  water  vapor  has  enormous  effect 
climatic  conditions.  As  the  rain  falls  through  the  air,  it 
up  a  certain  quantity  of  materials  from  the  air,  dust  particles 
gasee,  so  that  even  as  it  falls  it  is  more  or  less  **  impure."  WN 
it  reaches  the  surface,  it  comes  in  contact  with  various  subs1 
capable,  to  varying  degrees,  of  uniting  with  the  water  to 
homogeneous  liquid,  called  a  solution.  How  much  material 
dissolved  varies,  of  course,  with  the  local  conditions,  but  so  f( 
as  we  know,  there  is  always  some  material  dissolved.  Pure  wai 
is,  therefore,  unknown  in  nature. 

If  rain  water  is  collected  on  clean  and  practically  insoluble  si 
faces  it  contains  a  very  small  amount  of  solid  matter,  Ic,  mat 
which  remains  behind  on  evaporation  of  the  water,  seldom  moi 
and  usually  less  than  3.5  parts  per  million,  but  it  contains  app; 
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0.013%    nitrogen,  0.0064%  oxygen  and  0.0013%  carbon 

On  reaching  the  surface  of  the  earth,  some  of  the  water 

lately  vaporized  by  heat  from  warm  surfaces,  some  run8 

;  the  auHaces  and  some  sinks  down  into  the  earth  to  reappear 

at  lower  levels  as  springs.     The  content  of  the  surface 

of  oourse,  varies  aa  the  materials  vary  with  which  it  comes 

atact;  but  such  water  is  potable,  if  it  does  not  carry  along  in 

>n  unusual  amounts  of  clay  and  other  easily  transported 

which  settle  out  on  standing  —  sediment.     If  it  does 

amounts  of  such  material  in  suspension  or  tf  it  has 

in  contact  with  matters  offensive  to  sight  or  taste  it  is  said 

Qon-potable,  t.e.,  undrinkable*     Surface  water  may,  however, 

potable^' '  and  still  be  unsanitary.     It  may  come  in  contact 

human  or  animal  refuse  or  with  poisonous  material  and  so 

disease  germs  or  poisonous  substances.     Whether  surface 

is  fit  for  human  consumption  is  a  question  which  ought  to 

cided  by  analysis,  chemical  and  bacteriological. 

portioii  of  water  sinking  into  the  earth  ultimately  seeJu  the  surface  in 
of  i|iriii|^  except  such  portions  as  have  slowty  evaporated  from  the 
Tim  wpnng  water,  of  course,  joins  the  streanu  and  no  becomes  '^  surface 
ki^  ^tta.    The  spring  water  may  reach  only  veiy  imK>luble  rocka  and  hence 
^  witii  a  mineral  content  but  aUghtly  different  from  the  fuifaoe  water. 
it  di^olves  some  rock  material  such  m  limeetone  oir  gypeiim 
"  hard  water/'  i,e,,  water  which  feeb  harsb  to  the  touch  and 
I  the  lather  making  tendencies  of  soap  and  water  by  destroying  the 
Or  Ibe  water  may  come  in  contact  with  materials  such  as  sodium  carbon- 
i  sulfate  and  so  have  a  bitter  taste  and  a  tendency  to  froth  when 
vetcr  is  known  as  alkaline  water.    If  in  special  cases  a  source  of 
B  an  imusual  quantity  of  some  dissolved  material  or  materials,  the 
riifaiowii  as  mineral  water  and  the  spring  as  a  mineral  spring.    The  actual 
f  inatenal  dMsolTed  in  mineral  water  need  not  be  large.    It  is  essential 
^Jl  be,  or  be  ooosidered,  unusual.    Mineral  waters  are  frequently  highly 
raome  real  or  fancied  medicinal  value  of  the  dissolved  substances.    They 
named  from  their  location  or  some  special  constituent.    The  most 
at  daases  from  the  latter  viewpoint  are: 

\  water, ........  oontatning  ferrous  carbonate. 

ooDtaining  hydrogeo  sulfide. 

CMnoated  water. oootaining  earboo   dionde  (usually   imder 

preesuire). 

Mkm  waler  . . containing  epeom  salts   (Mg^«) ;    sodium 

sulfate  (NatSOt),  or  other  material  having 
a  Laxative  effect. 
i  water  , .  containing  lithium  csfbonate  or  chloride. 
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^"  If  a  BDring  issues  from  the  earth,  both  hot  and  mineralized*  it  i«  espeen 

priced.    Some  of  the  most  faiQoua  health  resorts  depend  upon  the  mineral  Bpnog 
as  the  fundamental  factor,  but  it  is  quite  probable  that  most  of  the  b^xfioii 
effects  of  the  so-called  *' cures''  are  due  to  a  combination  of  faith,  change  of  hahiti, 
and  special  medical  attention  quite  as  much  or  more  than  to  the,  in  many  cues, 
undoubted  physiological  effects  of  the  waters.     In  any  case,  mineral  watcre  «^ 
be,  and  frequently  are,  manufactured  in  exact  imitation  of  the  natural  product 
Eventually  all  rain  water,  not  evaporated,  finds  it«  way  with  its  burden  o< 
dififlolved  materials  into  the  sea,  which  is  the  great  septic  tank  of  imture.    Hen 
dissolved  organic  materials  decay  and  the  mineral  matters  accumulate.    To  follbir 
the  matter  further  is  the  province  of  the  geologist.    The  sea  water  contatnfl  about 
H     3.6  per  cent  dissolved  material^  of  which  the  largest  factor  is  common  salt. 
H  The  following  may  be  considered  as  a  representative  analysis  of  the  minenl 

H    content  of  sea  water. 
^1  FaoiGe  Ocean.  PortA  |»«r  ICKMK 

H^  Fixed  reaidue. 34.700 

^^^^^  Sodium. 10.262 

^^^^^B  Chlorine 18.950 

^^^^^^H  Magnceium.. 1.3151 

^^^^H  Calcium 0.4719 

^^^^^H  Potasaium 0.6038 

^^^^B  Sulfate  (SO4) 2.786 

^^^^^^  Bromine 0.3102 

^^^V  Undetermined Traoee 

"  Hmtary.  —  To  write  a  full  account  of  the  important  part  played 
by  water  in  the  history  of  chemistry  would  be  to  write  a  history  , 
of  chemistry.  Some  points,  however,  stand  out  prominently. 
Apparently,  Cavendish,  17B4,  first  synthesized  water  by  burning 
hydrogen,  and  Lavoisier  analyzed  it  by  decomposition  with  red 
hot  iron.  In  1800,  Nicholson  and  Carlisle  first  decomposed  water 
by  means  of  the  electric  current. 

K         The  importance  of  the  relative  weight^s  of  the  constituents  of 

B  water  will  be  clear,  even  to  the  beginner,  but  its  full  significance 
will  grow  upon  the  student.  It  is,  therefore,  of  interest  to  call 
attention  to  two  classic  investigations  upon  the  subject.  In  1842, 
Dumas  detemiined  exactly  the  relative  amounts  of  hydrogen  and 
oxygen  in  water  by  passing  hydrogen  over  carefully  weighed  copper 
oxide,  and  weighing  the  water  produced.  His  results  were  5.54  grams 
of  hydrogen,  44.22  grams  of  oxygen,  which  is  a  ratio  of  2.0045  :  16, 
This  ratio  is  a  little  high,  as  has  since  been  determined,  by  reason 

of  the  occlusion  of  hydrogen  by  the  reduced  copper.     In   1895, 

E.  W.  Morley,  of  Adelbert  College,  Cleveland,  finished  a  series  ^ 


by  Cavendish's  synthesis  to  h%  about  two  of  hydrogen 
to  one  of  oxygen,  and  by  the  decomposition  of  water  by  electricity 
to  be  rather  more  than  two  to  one*  The  results  of  their  experi- 
ment's, which  were  performed  in  an  apparatus  very  similar  to 
that  described  by  Fig.  23,  showed  the  relation  of  1  vol.  of 
oxygen  to  L99S9  vol.  of  hydrogen,  or  almost  exactly  1:2.  If 
the  experiment  be  conducted  so  that  the  steam  formed  be  kept 
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at  the  same  temperature  and  pre^^ure  in  an  apparatus  such 
shown  in  Fig.  24,  the  volume  relation  of  steam  is  found  tq_ 
the  same  as  that  of  the  hydrogen  used.     Gay-Lufisac  foU 
up  this  investigation,  with  the  remarkable  result  that  a  si 
simple  relation  was  found  between  the  volumes  of  all  gases  wim 
combine*     The  relation  is  very  important,  because  of  subsequeol 
use  in  chemical   systematization,  and  is  known  as  Gay-Lussae'^ 
Law  of  Combining  Volumes.     It  may  be  stated:    When  gasc 
unite  the  volume  relations  of  aU  gaseous  factors  or  products 
be  expressed  by  small  whole  numbers.    This  rule  holds,  even 
Boyle's  Law  and  Charles'  Law,  only  approximately,  but  is  of  none 
the  less  importance  for  that  reason,     Scott,  in   1893,   found 
the  result  of  a  very  careful  series  of  experiments  that  the  volumi! 
relation   of   the  union   of  oxygen    and    hydrogen    is    1 :  2.002454] 
Morley^s  ratio  is  1 :  2.00269.     The  variation  of  the  gas  laws  froc 
exact  integral  relations  finds  explanation  through  Van  der  WaaFa 
equation  {cf.  Bigelow,  Theoretical  Chemistry,  p.  155). 

Purification,  —  Since  pure  water  is  not  found  in  nature,  if 

frequently  essential  to  purify  that  which  is  available  to  make  i 
suitable  for  the  particular  use  to  which  it  is  to  be  put.     Thus,  if ; 
city  is  forced  to  use  a  given  stream  or  lake  for  its  supply  and  thff* 
water  is  either  eon-potable  or  unsanitary,  it  may  be  purified  suffi- 
ciently for  practical  purposes  in  one  of  a  number  of  ways.     If  it  is 
desired  to  remove  suspended  matter,  which  may  consist  of  particles 
of  clay  or  other  earthy  matter,  the  supply  may  be  dammed  or  a  large 
reservoir  built  and,  the  water  being  so  kept  at  rest  for  a  time,  the 
solid  material  for  the  most  part  sinks  to  the  bottom,  since  the  carry- 
ing capacity  of  flowing  water  varies  as  the  square  of  the  speed. 
The  process   is  called  sedimentation.     The   water  may   also  be^ 
separated  from  suspended  matter  by  filtration*    This  method  iin 
used  in  a  wide  variety  of  modifications  from  the  simple  unglased   ■ 
porcelain  tube  designed  to  fit  on  the  faucets  of  the  household  sup- 
ply, sometimes  known  as  Pasteur  or  Pukall  filters,  to  the  enormous 
beds  of  sand  and  crushed  rock  suitable  for  the  great  supplies  of 
cities.     A  modification  which  not  only  removes  solid  substances, 
but  also  coloring  matter  and  dissolved  gases,  probably  by  occlusion, 
is  furnished  by  the  charcoal  filter.     If  it  be  desired  to  remove  the 
living  organisms  present,  e.g.,  disease  germs,  the  result  is  some- 
times obtained  by  disinfection,  either  by  bleaching  powder  (q.v,) 
or  by  ozone  (q.v.)  or  by  siilijecting  the  water  to  the  action  of  power* 
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ultraviolet  light  (see  Sci.  Am,  Sup*,  voL  79,  p*  10).*  The  latter 
lethod  illustrates  also  the  germicidal  effect  of  Bunlight.     Neither 

limentatioD^  filtratioo  nor  disinfection  in  any  way  tends  to  re- 
love  di88olved  materiaL     This  result  may  be  obtained  by  dis- 

ition,  which  consists  in  converting  the  water  to  steam  and 
indensing  again  by  means  of  cooling  jackets.     The  laboratory  de* 

ce  for  this  purpose  is  iilustrateii  by  Fig.  25.     When  water  is 
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heated  the  dissolved  gas^  pass  off  first  and  if  care  be  taken  to  keep 
the  water  subsequently  distilled  out  of  contact  with  air,  the  water 
will  be  practically  free  from  gas  and,  if  the  distillation  is  stopped 
fore  volatile  solids  are  driven  off,  the  only  foreign  materials 
resent  are  such  traces  of  the  containing  vessels  as  may  be  dissolved. 
Distilled  water  sufficiently  pure  for  laboratory  purposes  can  be  made 
by  using  glass  condensers  and  containers,  but  if  specially  pure 
water  is  desired,  platinum  apparatus  is  used. 


*  Emergeoey  punfication  of  polluted  water  ia  Bometimee  acoompliahed  by 
electrolyBia.  Tbe  impure  water  coDtains  imfficient  MorideB  ao  that  by  electrol- 
ysia,  and  aubaequent  stirring,  hypochloriteo  are  produced  (aee  Lobarraque's 
•oluiioD,  p.  191).    Some  ozone  xa  also  produced. 
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Physical  Properties,  —  The  prof>erties  of  water  of  greater  im- 
portance to  chemistry  may  be  tabulated  and  certain  of  them  (ifr_ 
cuBsed: 

Colorleas, 

Odorle». 

TaetelesB. 

Specific  gravity  at  O'*  C,  =  0,99987;  4*C.  -  1. J 

Specific  gravity,  solid,  at  0''  C.  =  0,9167. 

Specific  gravity,  vapor  (air  =  1)  =  0.322. 

Boiling  point  =  lOCC;  212'*  F. 

Specific  heat  -  1  (standard). 

Latent  heat  of  fusioiij  79  cal. 

Latent  heat  of  evaporatioD|  5Z7  caL 

Water  ia  described  as  colorless,  odorless^  and  tasteless^  but  thia 
refers  to  the  pure  substance.  Ordinary  water  is  colorless  if  in  thiii 
layers,  but  if  light  passes  through  thick  layers  the  color  seems  t4) 
be  a  deep  blue,  which  may  be  due  to  the  color  of  the  water  or  to 
the  effect  of  suspended  particles  on  the  light.  Since  most  natural 
water  is  more  or  less  yellow  in  color,  frequently  the  thicker  layers 
offer  the  resultant  color,  green.  Of  course,  if  all  incident  light  is 
absorbed  the  water  appears  black;  hence,  the  varying  colors  of 
rivers,  lakes  and  sea.  Water  is  odorless  until  contaminated  with 
some  odoriferous  substance,  such  as  hydrogen  sulfide*  Likewisei 
the  pure  substance  ia  tasteless  if  free  from  dissolved  materials,  but 
since  such  is  seldom  the  case,  the  taste  of  water  varies  according  to 

the  source  of  the  supply.  Ordi- 
narily the  taste  ia  due  ebiefiy 
to  dissolved  gases. 

Specific  Gravity*  —Water  hu 

been  used  as  a  standanl  for  the  meaft- 
urement  of  the  relative  weight  of  solid 
aad  liquid  eubatances,  at  least  ainoe 
the  time  of  Archimedes  and  his  famous 
determination  of  the  sophistication  of 
the  crown  of  Hiero  of  Syracuse.  Wat» 
expands  and  contracts  with  change  of 
teraperatyre  and  hence  a  definite  tem- 
perature must  be  designated  to  accu- 
rately define  the  unit  of  specific  gravity. 
The  curve  showing  the  change  of  density  with  change  of  temperature  ia  given 
in  Fig*  26.    The  point  of  maximum  density  is  l"*  C.    One  liter  at  4"  C*  occupies 
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^3  cc.  at  0**Cm  1001.8  ce.  at  20*  C,  and  at  100*0.,  10434  cc.    When 
at  0°  changes  to  ice  at  the  fiame  temperature  the  in  crease  in  Tolimie  is 
iocimately  10  per  cent*     Thb  change  has  far-reaching  geological,  • 

rttural  and  architectural  ooosequencea,  which  are  matters  for 
bd  study  in  other  connectionfl.  The  unit  conveniently  need  for 
IG  gravity  of  gases  is  air  taken  as  unity.  Water  vapor,  then,  is 
i  times  as  heavy  as  air.  Since  air  weighs  L293  grama  per  hter, 
fber  of  water  vapor  at  0**  C.  and  760  mm.  weighjs  0.8045.  1000 
I  of  water  (11,  at  4*C.)  would,  therefore,  occupy  approximately 
|.  at  100*  C,  if  ooaverted  into  gaseoua  form  at  that  temperature. 

ytecific  Heat.  — Water  is  also  used  be  a  unit  in  the  measure- 
of  relative  beat  capacities  of  solids  and  liquids.  The  amount  of 
i^uired  to  raise  one  gram  of  water  one  degree  Centigrade  is  called 
idorie,  and  since  the  epecitic  beat  varies  slightly  with  the  tempera- 
Ihe  temperature  usually  specified  is  the  interval  between  15^  and 
In  technical  work  in  the  United  Statas  and  the  British  Empire, 
it  of  specific  heat  oommonly  used  m  the  amount  of  beat  required 
one  pound  of  water  one  degree  Fahrenheit  between  the  interval 
P.  This  is  known  as  the  British  thermal  unit  (B.t.u.).  The 
between  the  calorie  and  the  c.g.s,  unit  of  energy,  the  erg,  is 
41,890,000  ergs,  or  4;189  joules.  (For  details  of  the  relative 
lues  esonsult  the  appendix.)  When  ioe  is  converted  from  0°  C.  to 
[  at  the  same  temperature,  79  cal.  of  heat  per  gram  of  ieo  are  re- 
I  to  effect  the  change.  This  is  known  as  the  latent  heat  of  fusion 
Similarly,  to  convert  wat-er  from  the  liquid  condition  at  100°  C* 
Q  at  the  same  temperature  requires  537  cal.  per  gram.  This  is 
as  the  latent  heat  of  vaporisation.  These  properties  of  water 
pnly  in  degree  from  the  like  properties  of  other  substances  in 
dng  from  the  solid  to  the  liquid  and  goseoixs  conditions  and 
I  may  be  regarded  aa  typical.  It  follows  then  that  substances 
L  loBB  potential  energy  in  the  solid  than  in  the  liquid  and  stUl  less 
p  the  gaaeous  state. 

lie  reader  having  an  elementary  acquaintance  with  physics  is  al- 
( aware  that  in  measurement  of  heat  we  deal  with  two  factors,  the 
ity  of  heat  and  the  diflferences  in  intensity  of  heat  of  bodies.    The 
known  aa  temperature  and  the  usual  method  of  comparison  is 
of  measuring  the  increase  or  decrease  of  the  volume  of  aub- 
with  change  of  temperature.    In  any  such  comparative  measure- 
arbitrary  units  must  be  selected.    The  ordinary  fixed  points  for 
,ture  are  the  freezing  point  of  water  and  the  boiling  point  at  760 
The  scientific  fraternity  the  world  over,  and  the  public  in 
countries,  employ  for  the  pujpose  the  centigrade  thermometer,  which  uses  as 
melting  point  of  ice,  or  in  the  phraseology  of  the  phase  rule  (q.v.)  the  point 
urn  between  ice  and  water  when  in  contact  with  each  other*    The  other 
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6xed  point  is  Himilarly  the  equiUbriuni  point  between  water  and  water  vipor  , 
when  the  pressure  of  the  latter  is  760  mm,»  which  ia  called  100*.     If  a  fiid 
weight  of  some  liquid  or  gsm  is  enclosed  in  a  suitably  shaped  reasel,  the  wbdt 
immersed  in  melting  ice,  the  volume  occupied  nmrked  0,  then  tranafefred  to  ' 
boiling  wateFi  the  volume  again  marked  at  100,  the  volume  expaoaioii  dividid 
into  one  hundred  divisions  and  the  vessel  graduated  above  and  bekyw  thml 
marks  in  divisions  of  the  same  value,  we  have  the  essentials  of  a  thenoooielcr*! 
The  ordinar>'  type  used  is  ehown  in  Fig.  27.     The  substances  usually  empk)j«d] 
as  reginters  of    the  volume    change   are    mercury   or    alcohol^    though    niSDf| 
otlier  eubfltancea  may  likewise  be  employed.     The  centigrade  scale  is  aometioMil 
ealledi  from  its  inventor,  the  Celaius  scale.     Fahrenheit  likewifle  employed  water ii| 
his  fixed  points,  but  selected  as  the  freezing  point  the  value  32  and  as  the  1 
point  212,  thus  dividmg  the  volume  ejtpansion  between  these  valuM  into  180^ 
parts,  and  continuing  the  same  scale  above  and  below  the  fixed  points.     Reauzoef 
likewise  employed  the  fixed  points  of  water,  but  used  only  $0  divisiona  on  his  soilia 
For  detailed  diflcussion  of  the  history  of  thermometry  the  reader  is  referral 
to  a  little  book  called  the  "History  of  Thermometry,"  by  Bolton^  aod  for 
details  of  the  accurate  calibration  of  thermometers^  to  works  on  the  hhotwtotf 
operations  of  phyaics  and  physical  chemistry,  eg,,  Ostwald<Luther. 

Vapor  Tension.  —  If  a  perfectly  dry  tube,  a  meter  or  more  ia  ] 
length,  be  filled  with  mercury  and  inverted  in  a  vessel  of  mercury,  J 
the  level  at  which  the  liquid  in  the  tubel 
will  stand  depends  upon  the  weight  of  the 
atmosphere.  If  the  level  be  marked  and  a 
few  drops  of  water  introduced,  the  level  of 
the  mercury  will  fall  and  the  apparently 
empty  space  in  the  tube  will  be  increased. 
If  now  the  tube  be  surrounded  by  a  vessel 
so  that  the  upper  end  may  be  immersed  in 
water  of  varying  temperature,  the  height 
of  the  mercury  will  be  seen  to  decrease  the 
higher  the  temperature  of  the  surrounding 
water.  See  Fig.  28*  It  is  clear  that  some- 
thing is  tending  to  balance  the  external  air 
pressure*  and  if  the  space  above  the  water 
be  examined  by  proper  methods  it  will  be 
found  to  contain  water  in  the  form  of 
vapor.  If  the  measurements  are  carefully 
made  and  the  results  tabulated,  the  pres- 
sure exerted  in  the  tube  by  the  vapor  wiln 
be  found  to  correspond  to  those  tabulated  under  the  heading 
a(iueous   tension   in    the   appendix.      It    will    be    observed    that 
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k  tipor  tensioii  is  a  fixed  quantity  for  a  given  temperature. 
ihpfoperiy  is  not  peculiar  to  water,  since  ice  also  exerts  a  defi- 
Plnbough  BmaU  vapor  tension,  which,  indeed,  is  the  same  as  that 
tf  filer  at  0*"  C.  Other  substances,  also,  such  as  camphor,  am* 
Mffiom  carbonate,  alcohol,  ether,  etc.,  show  the  same  tendency  to 
iilled  degrees.  Indeed  it  is  probable  that  all  substances  tend  thus 
to  piM  into  gaseous  form  at  all  temperatures,  though  in  many 
mas  measurement  is  practically  impossible  because  of  the  small 
B^iuvude  of  the  values.  To  this  tendency  to  vaporize  is  trace* 
lUi  the  spontaneous  evaporation  of  liquids  at  all  temperatures, 
ystit  must  not  be  inferred  that  the  change  does  not  require  energy* 
To  vaporise  water  requires  the  absorption  of  a  quantity  of  heat 
by  ao  much  greater  than  537  caL  per  gram  as  the  temperature  is 
bdov  100°  C.  The  necessary  heat  in  the  cane  of  the  colossal 
OjWfmtioDS  of  nature  is  supplied  by  the  sun.  Of  course,  when  the 
npor  IB  again  condensed  to  liquid  water,  the  absorbed  heat  is 
liberated* 


It  w31  be  oibaenred  that  the  temu  gu  and  vapor  are  uied  interchaageably. 
Yhm  dMtmctiqn  at  one  time  maintained  wa^  to  term  a  mjiMtanee  in  the  gaaeoui 
miditiyc  a  vapor  when  by  cooling  it  could  be  condensed  to  the  liquid  condition. 
l^riD  be  seen  wiwn  the  aubject  of  liquefaction  of  gaaet  is  conaidered^  thia  ia  true 
povided  the  cooling  be  sufficient,  hence  it  is  impo«ible»  aa  well  aa 
f  lo  dimw  a  aharp  diriding  line  in  the  use  of  the  terms.  Conyentionally, 
» tie  tenn  rupor  when  speaking  of  easily  condensable  gaaes. 

As  we  have  seen,  If  a  liquid  is  enclosed  in  a  limited  space  the 
affioimi  of  vapor  formed  is  limited  at  a  given  temperature  by  the 
produced.  If  in  any  way  the  quantity  of  vapor  is  in* 
1,  e^f.,  by  introduction  of  vapor  from  an  external  source, 
vapor  condenses  so  that  the  pressure  may  remain  constant. 
I  a  Uquid  is  exposed  in  an  open  vessel  the  gas  escaping  cannot 
ortboaiily  accumulate  to  an  extent  which  will  produce  the  maximum 
because  of  diffusion  and  of  the  mechanical  action  of  air 
»  and  hence  the  evaporation  continues  so  long  as  any  Uquid 
a  preaeiil*  It  will  be  obser^^d  then  that  rapidity  of  evaporation 
at  a  prt/n  temperature  is  favored  by  withdrawing  the  vapor  pro- 
by  fDeaiis  of  an  **  air  pump  ''  or  by  currents  of  air  blown 
Ibe  flurface.  The  explanation  of  these  facte  which  haa 
been  found  moet  aatiafying  to  the  normal  scientific  mind  ia  found 
in  the  kinetic  molecular  hypothesis  which  will  be  presented  in 
OttpterV. 
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Boiling  Point,  —  Reference  to  the  table  of  vapor  tension  ol  I 
water  will  show  that  at  100*'  C.  the  vapor  tension  of  water  equali  I 
the  pressure  of  the  atmosphere  and  since  but  little  added  energy  J 
will  suffice  to  enlarge  the  space  available  for  the  vapor,  rapid  j 
mation  of  vapor  will  take  place,  provided  the  heat  neede 
vaporization   be   continually  suppHed.     This   rapid    vaporiiaticis  1 
takes  place  in  the  body  of  the  liquid  and  the  bubbles  of  water  vapor 
rising  through  the  liquid  produce  the  familiar  phenomenon  called 
boiling.     It  will  be  observed  that  the  temperature  at  which  this 
takes  place  is  dependent  upon  the  temperature  at  which  the  vapor  | 
tension  is  equal  to  the  gaseous  pressure  upon  the  liquid.     If,  there* 
fore,  this  pressure  be  increased  the  boiling  point  rises;    thus  in  »■ 
steam  boiler  water  boils  at  121°  C.  when  the  pressure  is  29.4  Ib&l 
per  square  inch,  or  the  equivalent  of  twice  the  pressure  of  normst 
atmosphere  (2  atmospheres),  at  180®  C.  when  the  pressure  is  10 
atmospheres,  and  at  374°  C*  when  the  pressure  is  200  atmospheres. 
Conversely,  if  the  pressure  is  below  the  normal  atmospheric  pres- 
sure, the  boiling  point  of  water  is  lowered.     For  example,  at  high 
elevations  where  the  normal  barometric  height  is  low,  the  boiling 
point  is  correspondingly  low.     Thus^  at  the  University  of  Wyo* 
ming  the  normal  barometric  height  averages  about  2Z  inches  and 
the  boiling  point  is  92.5°.     If  by  aid  of  an  exceptionally  good  air 
pump,  water  is  rapidly  evaporated  at  a  pressure  of  4  mm.,  it  will 
freeze  and  boil  at  the  same  temperature.    Other  physical  proper- 
ties of  water  will  later  claim  attention. 

Chemical   Properties*     1.  Decompositioii.  —  When  water  ia 
formed  by  burning  hydrogen,  68,000  cal.  of  heat  are  produced] 
per  formula  weight  in  grams.     The  heat  of  formation  of  a  com* 
pound  is  a  rough  measure  of  its  stability.     Few  compounds 
more  stable  than  water,  since  relatively  few  have  so  great  heat 
of  formation.     If  water  is  decomposed,  a  corresponding  amount  of - 
energy  is  absorbed.     It  is  not  sufficient  that  a  given  amount  ofl 
energy  be  available;    it  must  be  used  under  suitable  conditions/ 
If  water  is  heated  to  a  sufficiently  high  temperature,  it  should 
decompose  into  its  elements.     At  a  temperature  of  2600^  C,  the 
decomposition  only  amounts  to  about  4%  when  the  products  of - 
decomposition  are  not  removed,  i.e.,  if  the  water  be  heated  in  al 
closed  system.     At  ordinary  temperature  water  may  be  decom- 
posed by  electrolysis.     It  is  also  decomposed  at  low,  or  but  rela-_ 
tively   slightly   elevated,  temperatures    by  contact   with   certain 
metals  or  with  carbon  (c/.  pp.  54  and  349), 


WATER 


81 


1  Double  Deccmpositioiu  —  Certain  compounds  when  treated 
imtcr  react  as  indicated  in  the  following  equation* 

PCU  +  H,0  ^  P(OH),  +  3HCL 

type  of   reaction  is  known  as  hydrolysis.     We  shall  meet 

many  instances  of  it.    The  explanation  of  the  mechaniBm 

'  Uie  prooesB  will  receive  fuller  explanation  when  certain  addi- 

t4xils  of  our  trade  are  in  our  hands  {cf.  Chapter  IX). 
3.  Addition   Products   of  Water.  —  As   has   been   mentioned 
.  70)  water  can  be  obtained  by  heating  many  substances  which 
apparently  dry.     These  substances  present  a  series  of  com- 
which  iUustrate  very  strikingly  the  difficulties  of  arbitrary 
itlon.  *^ 

Certain  compounds,  e.g.^  sugar  or  starch,  when  heated  suffi* 
ly  are  decomposed,  water  being  one  of  the  products.  Thus 
sugar  CuHbOh --^  12C  +  llHjO;  If,  however,  we  place 
arbon  and  water  together,  we  have  no  indication  of  a  tendency 
to  combine  to  form  sugar.  Another  group  of  substances  likewise 
jridds  water  if  heated  sufficiently,  but  if  the  products  of  the  de- 
eompositioQ  are  allowed  to  interact,  the  original  substances  are 
produced.  Examples  of  this  group  are  slaked  lime,  Ca(OH)i, 
•ulfuric  acid,  HiSO*,  phosphoric  acid,  HaP04.  The  relation  may 
tiadicated  by  the  following  equations: 

Ca{0H)i;:^CaO  +  HA 
H1SO4  ^  SOa  +  H2O, 
2Hj^P04t-;PaO,+  3H20. 

Intermediate   between  these  two  groups  we  find  substances 
jriiich  react  on  heating  just  like  slaked  lime  or  sulfuric  acid,  but 
piroducts  show  little  inclination  to  interact.     Examples  are 
'fumUhed  by  silicic  acid  and  copper  hydroTude: 

HjSiO^  ->  HaO  +  SiOt, 
Cu(OH)»-»H20  +  CuO. 

1  all  the  above  cases,  a  careful  study  of  the  compounds  seems 
DW  that  the  water  is  not  present  as  such  but  is  produced  on 
ing.  This  is  made  clear  by  their  structural  or  constitutional 
fomiulae  (p*  200).  In  such  compounds  we  regard  the  hydrogen 
tod  oxygen  as  water  of  constitution.  In  none  of  these  compounds 
isthctre  an  appre^'ial^Ip  vapor  tension. 
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There  is.  however,  a  group  of  compounds  which  if  inclosed 
a  Torricellian  vacuum  (Fig.  28),  will  lower  tJie  mercury  coli 
to  varying  degrees.     That  is,  they  show  a  vapor  tension. 
appear  dry,   however.     When  heated,   they  lose  moisture 
readily  than  when  at  lower  temperature.     Most  such  subs 
are  crystalline  and  when  water  is  removed  from  them,  the  cryat 
lose  their  shape  and  color,  if  originally  colored.     These  substanc 
are  said  to  contain  water  of  crystallizatioii.     In  this  group 
substances,  it  also  appears  that  water  is  not  present  as  such  bil 
is  formed  by  decompositioo.     It  is,  however,  usual  to  indicati 
their  instability  by  the  use  of  the  term  hydrate  in  describing  the 
and  to  write  their  formulas  in  a  form  which  indicates  this  relatio 
Thus  w^e  may  speak  of  blue  vitriol  as  the  hydrate  of  copper  sulfa 
and  we  ordinarily  write  its  formula  CuSOi  •  5H2O.     Its  comp 
tion  would  be  correctly  expressed  CuHjoSOft  but  such  a  fornui 
would  not  indicate  the  hydrate  character  of  the  substance, 
common   hydrates  are  crvstalhne  borax,  Na3B407  •  lOHjO, 
nary  alum,  KAKSO^)*  •  12HaO,  copperas,  FeS04  •  7H,0.     Hydrat< 
when  exposed  to  the  air  sometimes  have  so  great  a  tendeii 
lose  water  of  crystallization  that  they  lose  their  crystalline^ 
and  become  opaque  powders.     Such  crystals  are  said  to  be 
rescent  (effiore  -  to  become  like  flour).     Examples  of  such  hj 
drates    are    Glauber's   salt,    NajSO^  *  IOH2O,    sodium    thiosuUall{ 
(Hypo),    Na2S208  •  5HaO,    and    washing    soda,    Na^COi  •  lOHtC 
Other   hydrates   remain   unchanged   in   ordinary   air   apparentljj 
because  their  tendency  to  lose  water  is  counteracted  by  the 
ence   of   water    vapor  in   the   air.     An    example   is   blue  vitrioliJ 
CuSO^  •  5H2O.     Still  other  hydrates  are  capable  not  only  of 
taining  all  their  water  of  crystallization  in  the  presence  of  moistl 
air  but  even  attract  moisture  from  the  air^  at  times  in  sufficient 
quantities  to  make  a  product  which  is  liquid.     Such  subst 
are  said  to  be  deliquescent  (de-liquore  =  to  become  liquid).    &•! 
amples  are  hydra  ted  calcium  chloride,  CaCla  •  6HsO,  and  potassium  j 
carbonate,  K|COa. 

Practically  all  substances  appear  to  be  capable  of  attracting 
some  moisture  from  the  air.     When  such  attraction  is  not  Buffi*| 
cient  to  produce  liquefaction,  the  substances  are  said  to  be ! 
scopie  (from  vypos  =  raoist  and  trKtmuv  =  to  view). 

This  property  is  bo  nearly  univerHal  that  it  ia  a^&rcdy  an  exaggeration  to  t 
that  all  solid  material  in  ordinary  air  ib  covered  with  a  film  of  moisture.    Micy" 
laboratory  operatioua  are  complicated  by  the  preaenoe  of  hygroecopic  moiaUire. 


Especially  b  the  exact  weighinj;  of  voasela  rendered  difficult  because  of  the  presence 
of  quantities  of  hygroscopic  moisture,  which  qu^iitities  v&ry  with  the  temperature 
and  humidity  of  the  air.  One  of  the  moat  frec|uently  etnployed  devices  to  obviate 
such  difficuIUea  is  known  as  a  desiccator  (from  desiccatus  =  to  dr>0-  This  is  a 
dosed  vessel  containing  a  Bubatance  which  is  strongly  hygroscopic  or  deliquedcent 
BO  that  the  water  vapor  in  the  air  space  above  it  may  be  maiotaiiied  at  a  constant 
ooDoentration  (»ee  Fig.  31). 

An  explanation  of  efflorescence  and  of  deliquescence  in  terms  of  the  kinetic 
molecular  hypothesis  will  be  offered  when  that  topic  shall  have  been  presented. 
See  Chapter  V. 

f  4,  Solution^  —  On  p.  14  attention  was  called  io  solutions  as 
a  group  of  substances  intermediate  in  character  between  compounds 
and  mixtures.  It  now  becomes  necessary  to  define  the  term 
more  accurately.  It  is  a  matter  of  ordinary  experience  that  many 
substances  when  brought  into  contact  with  water  disappear  as 
mich  and  produce  a  homogeoeous  liquid  which,  while  resembling 
water,  has  acquired  additional  properties*  Thus,  if  a  small  quan- 
tity of  salt  be  placed  in  water,  the  resulting  homogeneous  liquid 
has  acquired  a  characteristic  tast^*  has  become  a  conductor  of 
electricity  and  does  not  freeze  at  0**  C.  or  boil  at  100°  C.  This  sort 
of  combination  may  take  place  between  substances  in  either  the 
liquid,  solid  or  gaseous  state.  We  may  define  a  solution  as  a 
homogeneous  mixttire  of  two  or  more  substaxices,  the  relative 
proportions  of  which  may  vary  continuously  between  certain  limits 
and  the  properties  of  which  vary  with  the  proportions  of  the  com- 
oonents. 
H  The  process  of  forming  a  solution  is  to  be  regarded  as  a  mutual 
^ct  taking  place  between  the  components.  For  convenience,  how- 
ever, we  usually  speak  of  one  substance  called  the  solute,  as  dis* 
solving  in  another,  the  latter  called  the  solvent.  It  is  quite  im- 
material which  of  two  components  is  called  solute  and  which 
solvent  though  ordinarily  the  component  present  in  larger  quan- 
tities is  called  the  solvent.  Thua,  in  a  solution  of  salt  in  water, 
the  latter  is  regarded  as  the  solvent.  It  is  quite  impossible  at 
times  to  assert  positively  whether  a  given  solution  is  a  chemical 
compound  of  solute  and  solvent  or  is  a  mixture  of  the  two. 

Solutions  are  of  great  importance  to  the  chemist  since  either 
from  choice  or  necessity  he  so  frequently  emplo>^  them  in  his  opera- 
iiona.  (This  importance  may  perhaps  be  emphasized  by  quoting 
the  alchemistic  proverb;  '*  Nothing  reacts  except  in  solution," 
|ven  though  it  is  not  strictly  true.)     The  properties  of  solutions 
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are  so  varied  and  of  such  importance  that  a  special  chapter  (Chapter 
IX)  will  be  devoted  to  them.  Certain  items  concerning  aqueous 
solutions  particularly  are  presented  here  because  of  the  necessity 
for  their  immediate  use. 
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SoHda  and  Water,  —  If  we  add  to  a  fixed  quantity  of  water 
successive  small  quantities  of  a  solid  substance,  e.g.,  common  salt, 
we  find  that  the  solid  dissolves  at  first,  if  the  initial  addition  is 
sufficiently  small.  With  successive  additions,  we  reach  a  point 
at  which  no  more  will  dissolve  and  we  have  solid  material  in  excess. 
If  we  measure  the  quantity  dissolved,  we  find  that  it  varies  markedly 
for  different  substances,  but  for  each  substance  there  is  always  a 
fixed  quantity  which  will  dissolve  at  a  pvcn  temperature.  When 
a  fixed  quantity  of  solvent  will  dissolve  no  more  of  a  solute  while 
in  contact  wiUi  the  latter,  we  have  a  saturated  solution.  The 
quantity  of  a  substance  required  t-o  make  a  saturated  solution  is 
known  as  its  solubility.  It  is  usual  to  express  this  quantity  in 
grama  per  liter  or  in  gram  molecular  weights  per  liter,  though  other 
modes  of  expression  are  also  employed.  When  a  substance  difi- 
solves  to  a  very  considerable  degree,  we  speak  of  it  as  a  soluble 
substance.  Some  quantity  of  practically  all  substances  dissolves 
in  water,  yet  in  many  instances  the  solubility  is  so  small  that  for 
many  practical  purposes  it  may  be  ignored.  Such  substances  are 
often  called  insoluble.  To  an  aqueous  saturated  solution,  water 
may  be  added  ad  infinitum  without  other  apparent  change  than 
a  gradual  diminution  of  the  characteristic  properties  due  to  the 
presence  of  the  solute.  Thus,  while  we  have  a  maximum  limit 
of  solubility,  there  is  no  limit  to  dilution.  We  ordinarily  speak 
of  a  solution  which  is  relatively  far  from  saturated  as  a  dilute 
solution. 

The  usual  effect  of  increased  temperature  is  to  increase  the 
solubility  of  solids  in  water.  The  rate  of  increase  is  variable,  de- 
pending upon  the  character  of  the  solute.  In  some  caaes,  the 
solute  becomes  less  soluble  with  increase  of  temperature.  A  con- 
venient means  of  showing  the  relation  between  temperature  and 
solubility  is  by  use  of  curves  in  which  change  of  temperature  isfl 
indicated  on  one  axis  of  a  coordinate  system  and  solubUity  on  the 
other.  A  number  of  such  curves  are  given  in  Fig.  29.  It  will  be 
observed  that  in  some  cases  degr^  of  solubiUty  is  but  slightly  | 
affected  by  change  of  temperature. 

Some  very  interesting  consequences  follow  from  the  change 
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solubility  with  change  of  temperature*  If  a  saturated  solution  of  i 
substance  more  soluble  in  hot  than  in  cold  water  be  made  at  i 
given  temperature  and  the  solution  decanted  or  filtered  to  free  it 
from  solid  material,  and  then  cooled,  one  of  two  results  may 
follow.  The  material  in  excess  of  the  amount  required  to  form  ft 
saturated  solution  at  the  lower  temperature  may  separate  out. 
It  orcJinarily  appears  in  definite  regular  forma  called  crystals  (see 
crystal  forms).  The  same  process,  of  course,  occurs  when  a  satu- 
rated solution  is  allowed  to  evaporate  spontaneously.  In  some 
eases,  however,  the  excess  material  may  not  separate  out  on  cool- 
ing and  we  thus  have  a  solution  containing  more  dissolved  material 
than  could  be  taken  up  by  contact  with  an  excess  of  solute.  Such 
solutions  arc  called  supersaturated  solutions.  Supersaturation 
usually  occurs  with  substances  which  can  form  hydrates.  A  super- 
saturated solution  may  be  caused  to  deposit  its  excess  solute  either 
by  violent  agitation  of  the  solution  or  by  inoculation.  By  the 
latter^  we  mean  the  addition  of  some  of  the  solute  in  solid  fona. 
Explanation  of  some  of  the  facts  regarding  superBaturation  aod 
cr\^stallization  can  be  offered  in  terras  of  the  phase  rule  iq,v,)  and 
the  kinetic  molecular  hypothesis  {q.v.). 

In  general,  it  is  true  that  the  presence  of  one  solid  in  solution 
in  no  way  affects  the  solubility  of  the  other  substances.  This 
statement  is  subject  to  considerable  modification  as  we  shall  se« 
(c/4  Chdp.  IX).  It  is,  nevertheless,  important  to  know  that  a  solu- 
tion may  contain  several  dissolved  substances  at  one  time  and  that 
in  general  the  presence  of  one  does  not  materially  affect  the  be- 
havior of  another.  Use  is  made  of  this  fact  to  effect  separation 
of  substances  from  each  other  by  fractional  c^stalUzation.  An 
illustrative  case  may  be  cited.  Let  us  suppose  we  have  a  solution 
saturated  with  respect  to  potassium  perchlorate  (KCIO4),  but  un- 
saturated with  respect  to  potassium  chloride  (KCl).  If  this  solu- 
tion be  allowed  to  evaporate,  as  water  passes  off  the  crystals 
produced  at  first  will  be  of  perchlorate  only.  Eventually,  of  course, 
the  solution  wnll  become  saturated  with  the  chloride  after  which 
further  evaporation  results  in  the  deposition  of  both  salta.  If, 
however,  the  crystallized  material  be  removed  in  separate  por- 
tions as  the  operation  continues,  the  first  fractions  will  be  pure  p^r- 
chloratei  or  at  worst  contain  more  perchlorate  than  the  original 
mixture  from  which  the  solution  may  have  been  made*  Elxten*- 
sive  use  is  made  of  fractional  crystallization  in  the  purification  of, 
substances. 
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Wuur  and  Other  Liquid**  —  lo  case  the  solute  is  a  liquid,  the 
{acts  are  found  to  obtain  aa  with  solids  except  in  some  in- 
tbere  is  no  limit  to  the  solubility,  e.q,,  a   homogeneous 
results  when  water  and  alcohol,  or  water  and  sulfuric  acid 
fl&ixed  resardless  of  the  relative  amount  of  each.     Such  pairs 
of  liquids  are  said  to  be  miscible  in  all  proportions.      In   these 
it  is  particularly  apparent  which  coniixsnent  is  to  be  called 
mnd  which  solvent  is  optional. 

WmMjBT  and  Coses.  —  The  limit  of  solubility  of  gai^es  tn  water 

ids  upon  the  gaseous  pressure.     At  a  given  pressure,  the  solu- 

lity  vanes  within  wide  limits  for  different  gases.     Thus  hydrogini 

0^  and  760  mm.  dissolves  only  to  the  extent  of  2  cc,  per  HX)  cc. 

of  water,  while  under  the  same  conditions,  the  solubility  of  ammonia 

ii  114«8(K)  cc.  to  100  cc,  of  water.     With  a  given  gfis,  the  solubility 

i^ss  directly  as  the  pressurei  e.g,,  if  the  solubility  of  a  gas  is  a  at 

A  firessure  of  one  atmosphere,  760  mm;   at  two  atmospheres,  the 

sohsbility  is  2a;  at  half  an  atmosphere,  Ja,  etc.     This  law  was 

ffaoovered  in  1803  and,  from  the  name  of  its  discoverer,  is  known  as 

Bairx^a  law.     Unfortunately,  it  obtains  only  for  relatively  Hljxhily 

frinMo   gases.     At  about  the  same  date,   1802,   Dallon  obi^erved 

that  in  a  mixture  of  gases  which  do  not  react  chemically  with  each 

I  gas  exerts  the  same  pressure  as  if  it  alone  occupied  the 

and  the  total  pressure  is  the  sum  of  the  partial  pres- 

we  due  to  each  gas.     This  is  known  as  Dalton's  law  of  partial 

fressores.     It  follows,  then,  that  from  a  mixture  of  gases,  each 

gas  dtsBolves  independently  to  an  extent  dependent  upon  its  par- 

Uil  iiresBure.    The  general  effect  of  rise  of  temperature  is  to  dimin- 

isli  tlie  solubility  of  gases  in  water  and  except  in  certain  special 

CM®  (qf-  hydrochloric  acid)  the  solubility  becomes  nil  at  100°  C. 

Mmtsure9  cf  Concentration  of  Soiutions,  — -  The  solubility, 

bo  the  concentration  of  unsaturated  solutions,  of  substances  in 

is  variously  expressed.     Where  weight  relations  only  are  of 

Ipismouist  interest,  we  may  state  the  number  of  grams  of  solute 

p*  100  cc*  or  1000  cc,  of  solvent,  or  the  weight  in  grams  per  100 

Of  1000  ipams  of  solution.     The  latter  is  the  usual  method  em* 

|iogred   by    the    pharmacist   or    the    physician.     When    chemical 

■is  are  employed,  two  methods  are  in  use  one  of  which  is  based 

I  Uie  formula  weights  and  the  other  upon  chemically  equivalent 

The    former  are    called   molar  solutions,    the   latter 


I 
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normal  Bolutions,  A  molar  solutioii  may  be  defined  as  one  which 
contains  a  formula  weight  in  grams  of  a  solute  in  a  liter  of  sdu- 
tioa;  e.g.,  a  molar  solution  of  sulfuric  acid  is  one  which  contains 
98  grams  of  sulfuric  acid  (H2SO4)  per  liter  of  solution. 

A  normal  solution  is  one  whicli  contains  enough  of  the  sohitt 
per  liter  to  be  chemically  equivalent  to  one  gram  of  hydrogen. 
Thus  a  normal  solution  of  sulfuric  acid,  H3SO4,  will  coutain 
49  grams  of  sulfuric  acid  per  liter  since  for  chemical  purpose  the 
acid  contains  in  98  grams,  a  formula  weight,  the  equivalent  of  two  { 
grams  of  hydrogen. 

We  may  then  express  the  concentration  of  solutions  as  multipiea  I 
of  fractional  parts  of  molar  or  normal  concentration*     For  example, , 
a  solution  containing  3.65  grams  of  hydrochloric  acid   (HCl)  is  1 
said  to  be  to  either  tenth  molar,  m/10,  or  tenth  normal,  n/lO. 
For  certain  purposes,  one  system  of  measures  is  coDvenient,  for 
other  purposes,  the  other  system  serves  better. 
await  experience  to  learn  when  to  use  each. 


^ 
^ 


The  student  may 
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Continuity,  —  As  was  mentioned  on  p,  2,  nature  often  pre- 
sents continuous  series  of  phenomena  which  merge  gradually 
from  one  distinct  phase  into  another*  This  is  sometimes  called 
the  law  of  continuity.  For  convenience  of  study,  and  diacuaaoii, 
it  is  often  desirable  to  subdivide  such  continuous  series  into  separata 
groups*  This  process,  while  useful  and  indeed  essential,  al^ 
encounters  the  difificulty  that  at  the  artificial  boundary  linea^ 
tabhshed  there  are  found  phenomena  difficult  to  classify. 
have  been  dealing  with  a  case  of  this  sort.  Water  has  been  shown ' 
to  be  related  to  many  substances  in  ways  which  have  been  dis- 
tinguished as  (a)  hygroscopic  moisture>  where  the  water  seems  to  ■ 
adhere  to  the  surfaces  only  and  no  chemical  relations  appear  to  ■ 
obtain;  (h)  '*  water  of  solution/'  where  aqueous,  i.e.,  watery, 
character  seems  to  predominate;  (c)  *'  water  of  cr>'stallization," 
where  definite  chemical  combination  appears  to  obtain  but  in  which 
at  ordinary  temperature  the  aqueous  tension  can  be  observed; 
and  (d)  *' water  of  constitution/'  where  even  aqueous  tension  only 
appears  to  manifest  itself  at  higher  temperatures  which  range  all 
the  way  from  slight  to  great  elevations.  On  the  border  line  be- 
tween these  classes  of  water  combinations,  we  must  expect  cases 
difficult  to  place.  Thus  we  may  ask,  without  expecting  definite 
answer,  whether  the  water  absorbed  by  a  deliquescent  subetancej 
like  calcium  chloride  is  water  of  solution  or  water  of  crystalhzatioD«l 
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ler  iniataDces  of  contimiity  will  be  mentioned  in  subsequent 

88. 

Ubcb  of  Water,  —  The  reader  moat  innocent  of  acquaintance 
%rith  chemistry  is  of  necessity  familiar  with  the  obvious  indiepen- 
sability  of  water  in  the  human  economy  as  a  beverage  (in  spite  of 
the  observation  of  Aristotle  that  great  caution  in  this  direction  is 
to  be  observed),  as  a  cleaning  agent^  as  a  vehicle  for  foods  and  for 
commerce;  and  must  have  also,  from  physical  geography  or  other 
experience,  some  appreciation  of  its  importance  in  determining 
geological  and  climatic  cotiditions  and  in  agriculture.  It  is  of 
equal  impwrtanee  in  chemistry.  The  behavior  of  substances  in 
water  is  so  radically  different  from  that  in  its  absence,  and  its  pres- 
ence as  liquid^  vapor  or  hygroscopic  water  is  so  prevalent  that  it 
is  essentially  the  central  or  pivotal  substance  in  chemistry.  The 
truth  of  the  above  statement  will  come  home  to  the  reader  more 
forcibly  as  he  continues  the  subject. 


Hydrogen  Peroxide 


B  There  exists  a  substance  other  than  water  cont-aining  only  hydro- 
gen and  oxygen-  It  is  known  as  hydrogen  peroxide*  It  occurs  in 
minute  quantities  in  the  air  and  is  formed  to  a  very  small  extent 
when  hydrogen  is  burned  and  the  products  are  suddenly  cooled. 
The  satisfactory  discussion  of  its  properties  is  not  easy  at  present 
for  reasons  which  will  enforce  the  need,  which  is  already  severely 
felt,  of  some  more  efficient  aid  to  our  systematization  of  facts  than 

^the  facts  themselves.     (See  molecular  weights,  p.  99.) 
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Preparation*  —  Hydrogen  peroxide  was  first  prepared  in  1818 
by  Thenard,  who  treated  barium  peroxide  with  ice  cold  hydrochlo- 
ric acid.    The  reaction  may  be  expressed, 

BaOa  +  2HC1  -^  BaCI«  +  H,Oi. 


e  was  able  to  remove  the  barium  chloride  formed  by  treatment 
of  the  solution  with  silver  sulfate  in  exactly  equivalent  amount, 
BaCU  +  AgsS04  -^  BaSOi  +  2AgCL  Since  both  products  are  in- 
soluble, by  filtration  a  solution  was  obtained  which  had  properties 
very  distinct  from  those  of  water,  and  yet  was  composed  only  of 
hydrogen  and  oxygen. 

Cormnercially,  hydrogen  peroxide  is  prepared  by  adding  to  a 
mixture  of  sulfuric  acid  and  water  in  equal  proportions,  which  is 
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by  suspending  the  barium  peroxide  in  wat^r,  by  thorough  shaking:* 
and  stirring  this  mixture  into  the  acid.     After  standing  until  the  . 
reaction  is  complete,  the  barium  sulfate  is  filtered  out  and  the  sola*  I 
tion  is  carefully  evaporated  at  a  low  temperature,  70**  or  below, 

until  a  solution  of  the  desired  con* 
centration   is  obtained.      If  it  is  I 
desired  to  obtain  a  solution  more  ■ 
concentrated  than  40  per  cent,  the 
evaporation  must  be  carried  out  by 
distilling  under  diminished  pressure,    > 
as  illustrated  in  Fig.  30.     In  tfaiM 
manner,  a  solution  of  nearly  pure 
hydrogen   peroxide   may  be   pre- 
^  pared.     The  last  traces  of  water 
may  be  removed   by  aUowing  to 
stand  over  sulfuric  acid  in  a  vacuum.    This  operation  is  illustrated 
in  Fig.  3L    The  pure  material  is  so  unstable  that  for  commercial 
purposes  a  3  per  cent  solution  is  ordinarily  employed.     Hydrogen 
peroxide  is  also  frequently  formed  when   substances  are  slowly 
oxidized  in  the  presence  of  moisture. 
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Physical  Properties.  —  The  pure  peroxide  is  a  colorless  and 
iorless  liquid  somewhat  more  viscid  than  water  and  with  a  metallic, 
apleasant  taste.  Its  boiling  point  at  atmospheric  pressure  is  un- 
nown,  since  it  decomposes  rapidly  when  warmed.     At  68  mm. 

[pressure  its  boiling  point  is  85^  C.     The   melting  point  is  —2*. 

fit  is  miscible  with  water  in  all  proportions. 

Chemical  Properties.  —  The  pure  peroxide  decomposes  very 
rapidly  into  water  and  oxygen  in  the  presence  of  light,  finely 
divided  metals,  manganese  dioxide,  and  other  catalytic  agents, 
Buch  as  dust,  rough  surfaces,  etc.  The  substance  is  usually  kept 
for  use  only  in  dilute  solution  and  our  interest  is  mainly  in  the 
properties  of  this.  The  concentration  is  sometimes  expressed  in 
the  percentage  by  weight  of  peroxide  present  and  sometimes  in  the 
volume  of  oxygen  furnished  by  its  decomposition,  A  three  per 
cent  solution  will  give  about  10  times  its  own  volume  of  oxygen 
and  hence  is  called  a  ten  Volume  solution.  The  solutions  are 
sold  under  various  trade  names^  such  as  proxhyde,  pcrhydro!, 
dioxygen,  etc.  The  stability  of  the  solution  is  increased  by  being 
kept  in  brown  bottles  and  by  addition  of  preservatives*  e.g.,  acet- 
anilide.  A  solution  of  hydrogen  peroxide  added  to  a  solution  of 
potassium  iodide  liberates  iodine  according  to  the  equation: 

2KI  +  HiO,  -^  2K0H  +  2L 


The  reaction  is  facilitated  by  addition  of  ferrous  sulfate  and  also 
by  addition  of  acids.     It  also  oxidizes  lead  sulfide  to  lead  sulfate. 

PbS  +  4HaOt  -->  PbS04  +  4H.0. 

It  bleaches  hair,  straw,  feathers,  silk,  teeth,  indigo,  etc.,  by  oxi- 
dicing  the  coloring  matter  to  colorless  or  less  highly  colored  sub- 
stances. In  particular,  it  oxidizes  chromic  acid  to  perehromic 
acid  and  the  blue  compound  formed  is  more  stable  in  ether  than 
in  water.  With  some  reservation,  the  reaction  may  be  wptten 
(see  perehromic  acid) : 

2H,Cr04  +  HiOi  -*  2HCr04  +  2HiO. 

The  blue  solution  perhaps  contains  CriOi,  but  in  any  case  its 
ormation  is  the  most  delicate  test  for  the  presence  of  the  perox- 
ide.    Many  oxides  are  converted  into  peroxides   by  treatment 
with  hydrogen  peroxide,  thus, 

ZnO  +  HiOi  -^  ZnO,  +  HiO. 


^ 
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The  peroxides  so  formed  tiod  various 
cine. 

The  most  striking  behavior  of  hydrogen  peroride  is  in  its 
reactions  with  certain  substances,  themselves  powerful  oxidmng 
agents.     A  few  illustrative  reactions  foUow: 

A^O  +  HsO,  -*  2Ag  +  H,0  +  20, 
MnO,  +  HtSO*  +  H*Ot  -*  MnS04  +  2HiO  +  20, 
2KMn04  +  3H1SO4  +  5H,0,  ^  KaSO^  +  2MnS04  +  8H1O  +  100. 

Hydrogen  peroxide  is  an  endothermic  compound,  that  is,  it  hfll 
a  negative  heat  formation  and  consequently  when  it  deeompoaeSt 
heat  is  hberated.  The  quantity  per  formula  weight  in  grams  10 
23,100  caL 

The  question,  of  course,  has  risen  in  the  mind  of  the  reader 
as  to  the  reason  for  writing  the  formula  of  hydrogen  peroxide  as 
H3O3,  when  in  the  interest  of  simplicity  it  apparently  should  be 
HO,  since  the  latter  expresses  the  weight  relation  of  the  constit- 
uents exactly.  The  question  will  be  answered  very  shortly  (see 
p,  99), 

^  Uses*  —  As  intimated  previously,  hydrogen  peroxide  is  used 
extensively  as  a  disinfectant  and  as  a  bleaching  agent.  In  both 
capacities,  its  usefulness  is  due  to  the  ease  with  which  it  liberates 
oxygen  (see  p.  01)  and  the  consequent  results  of  the  activity  of 
the  "nascent"  oxygen.  The  activity  is,  of  course,  more  to  be 
expected  when  we  consider  the  Hberation  of  energy  involved  in 
its  decomposition. 

Exercises*  —  1.   Describe  the  cycle  of  water  in  nature. 

2.  Make  a  list  of  all  the  varieties  of  water  which  are  descrtbedl 
in  the  text  and  state  what  gives  to  each  variety  it-s  name. 

3.  If  in  Dumas'  determination  of  the  composition  of  water  he] 
had  used  200  grams  of  cupric  oxide,  what  volume  of  hydrogen 
must  have  been  required? 

4.  In  case  you  desired  to  ascertain  the  correctness  of  Gay- 
Lussac's  law  of  volumes  for  hydrogen  and  oxygen  in  the  formation 
of  water,  and  the  maximum  temperature  available  was  92°  C,  what 
would  be  the  maximum  pressure  at  which  the  volume  relations 
could  be  observed? 

5.  Write  a  brief  account  of  the  water  supply  ol  your  homil 
town,  detailing  (a)  source,  (6)  type  of  water,  (c)  purification. 


I 


WATER 


6.  If  a  substance  has  the  specific  gravity  of  10.7,  what  will  be 
tie  weight  of  60  cc.  of  it  and  what  volume  of  water  at  100°  will 

'weigh  the  same? 

7.  If  1700  cc.  of  water  vapor  at  lOO**  C.  and  760  mm.  pres- 
sure are  formed  from  1  gram  of  water,  what  volume  would  it 
occupy  at  0°  C.  and  760  mm.,  provided  Charles'  law  obtained 
throughout?  What  weight  would  a  balloon  filled  with  1000  grams 
of  water  vapor  liftp  assuming  the  air  to  be  O*'  C,  and  760  mm. 

td  the  vapor  to  be  100*"  and  760  mm.? 
8.  Calculate  the  thermal  value  of  hydrogen  in  B.t.u, 
9.   Calculate  the  temperature  io  the  Centigrade  scale  and  the 
solute  scale  when  the  Fahrenheit  reading  is  5°. 
10.   If  the  vapor  tension  of  water  vapor  in  a  room  is  23  mm., 
and  the  temperature  of  the  room  falls  to  20"^  C,  how  much  con- 
densation occurs,  provided  the  room  be  20  X  10  X  10  meters? 
^      IL   How  much  water  is  needed  to  slake  10  grams  of  lime? 
V      12.  Make  an  outline  of  the  effect  of  temperature  on  the  solu- 
bility of  sohds,  liquids  and  gases  in  water. 

13.  Make  a  list  of  the  personal  uses  to  which  you  have  put 
water  during  the  preceding  24  hours.  Include,  of  course,  all 
operations  in  which  it  is  a  part* 

14.  Assuming  no  escape  of  heat  and  a  specific  heat  of  1  for 
the  solution,  calculate  the  rise  of  temperature  of  an  insulated 
solution  of  100  grams  of  a  10  per  cent  solution  of  hydrogen  peroxide 
when  decomposed. 

15.  The  relative  humidity  of  air  at  a  given  temperature  is  the 
ratio  of  the  observed  vapor  tension  (/),  to  the  aqueous  tension  of 
air  saturated  with  water  vapor  (F),  i.e.,  //F.  The  vapor  tension 
of  CUSO4  •  5HjO  being  2  mm.  at  9°  C,  what  must  be  the  relative 
humidity  of  air,  to  prevent  efflorescence? 


CHAPTER  V 
SUTBTIC-MOLECtrLAR  AND  ATOMIC  HTPOTHBSSS 


"  We  must  educate  oufselves  to  regard  the  Ideas  or  theories  as  the 
part  of  science  aad  keep  ourselvee  ready  to  accept  even  the  most  fundjuneoUl 

reviBion  of  current  theories/'  —  Ostwald, 

Purpose  of  Bypotheses,  —  In  the  diecuasion  of  the  topics  dealt 
with  in  the  preceding  chapters,  we  have  avoided  answering  eertaia 
rather  obvious  questions  because  of  inability  to  give  answexs  in 
terms  of  fact  (c/.  pp.  17, 49, 92)*  When  such  qoeations  present  them- 
selves the  scientist  may  deal  with  them  in  various  ways.  He  may 
cry  "  ignoramus  "  and  be  contents  He  may  accept  the  advice, 
or  jibe  of  Mephistophelea  and  when  *'  knowledge  fails  may  substi- 
tute a  name."  The  former  plan  gives  no  mental  satisfaction  and 
leads  to  no  results.  The  latter  is  the  plan  of  the  faker  when  the 
intent  is  to  make  pretence.  A  third  method  is  to  devise  an  hy- 
thesifti  that  is,  make  a  guess  at  what  may  be  a  correct  answer. 
Thus,  when  Dalton  observed  in  a  few  cases  the  simple  integral 
relation  between  the  varying  quantities  of  one  constituent  in 
different  compounds  of  the  same  component  elements,  he  as* 
sumed,  i.e.,  guessed,  that  the  same  relation  holds  in  all  cases  and 
Berzehus  later  demonstrated  experimentally  that  the  supposi- 
tion is  justified  in  so  many  cases  that  we  believe  it  holds  generally, 
and  consequently  we  have  a  law  of  nature;  that  of  multiple  pro* 
portions  (c/.  p,  14). 

This  sort  of  hypothesis  is  not  peculiar  to  science.  In  all  our  ways 
we  use  it  as  a  guide  of  action.  Examples  of  the  creation  and  use 
of  such  hypotheses  range  from  the  most  trivial  problems  to  those 
of  great  moment.  Thus,  you  may  desire  to  meet  a  friend.  You 
suppose  him  to  be  at  a  certain  place.  You  may  test  the  question 
by  appeal  to  experiment.  Or  you  may  assume  that  life  in  a  new 
locality  may  offer  wider  opportunities  for  you*  You  may  test 
the  hypothesis  by  direct  appeal  to  experiment.  Your  very  pres- 
ence as  a  student  in  college  rests  upon  the  assumption  of  benefit* 
Such  hypotheses  are  continually  employed  by  science  and  the 
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cienUst,  basing  his  hypotheses  on  previous  experience,  is  guided 
by  thera  in  his  work. 

When  an  hypothesis  is  such  that  its  assumptions  may  be  tested 
by  direct  appeal  to  nature  and  shown  to  be  correct  or  incorrect 
by  experiment,  Alexander  Smith  proposes  to  call  it  a  stochastic 
kiypothesis  (crroxacmifoi  =  apt  to  divine  truth  by  conjecture). 

Formulative  Hypotheses.  There  is^  however,  another  dis- 
act  type  of  hypothesis  which  we  do  not  expect  to  test  by  direct 
ippeal  to  experiment  and  which  is  yet  capable  of  giving  a  degree 
of  mental  satisfaction,  of  serving  as  a  basis  of  classification  of  facts, 
or  of  serving  to  suggest  methods  of  study  or  of  experiment.  Such 
hypotheses  while  they  "  are  pure  products  of  the  imagination  are 
the  only  means  by  which  we  extend  our  knowledge  beyond  the 
limits  of  direct  sensation/'  An  example  of  such  hypothesis  is  the 
nebular  hypothesis  of  the  origin  of  the  starry  systems.  Whether 
or  not  it  is  correct  in  its  assumptions  is  a  question  wholly  unanswer- 
able by  direct  observation  or  by  experiment,  but,  if  correct,  these 
assumptions  would  entail  consequences  and  these  offer  problems  for 
the  study  of  astronomers.  Such  hypotheses  may  be  called  for- 
mulative because  they  set  up  a  formula^  a  picture,  of  what  we 
suppose  may  be  a  true  state'of  affairs.  If  true,  the  facts  we  ab-eady 
know  must  not  be  out  of  harmony  with  them;  if  useful,  they 
should  enable  us  to  say  that  certain  consequences  should  follow.  If 
an  hypothesis  is  capable  of  standing  these  two  tests,  it  is  considered 
more  or  less  valid  and  may  be  used  for  correlation  of  facts  or  laws. 
It  is  then  caUed  a  theory. 

It  will  be  seen  that  a  formulative  hypothesis  is  defined  as  one 
not  susceptible  of  direct  proof.  If  a  valid  hypothesis  of  this  type 
is  called  a  theory  then  a  theory  cannot  be  proved.  It  is  to  be  ob- 
served, however,  that  while  we  recognize  two  types  of  hypothesis,  we 
shall  find  in  certain  instances  considerable  difficulty  in  case  we 
attempt  to  determine  to  which  class  a  given  hypothesis  beJongjs, 
Indeed,  as  time^  and  methods  change,  pure  products  of  the  imagi- 
nation may  become  realities  and  blossoms  of  past  imagination  may 
be  fruit  in  the  future.  It  is  always  possible  then  that  an  hypoth- 
esis designed  as  formulative  may  evolve  into  a  stochastic  one,  and 
its  assumptions  become  facts  or  laws.  It  is  also  to  be  observed 
that  a  formulative  hypothesis  is  a  construction  which  is  designed 
to  fit  the  facts  of  science  and  to  serve  the  purposes  of  coordination 
and  development.     It  is,  therefore,  subject  to  change,  development 


INORGANIC  CHEMISTRY 


aod  decay.    The  history  of  science  is  strewn  with 
worn  theories* 
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outgrown  or  oui*  ■ 
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The  Kinetic-Molecular  Hypothesis 

At  present  we  have  as  fundamental  hypotheses  in  chemistry 
two  which  serve  in  a  broad  sense  as  the  basis  of  coordination  of  it# 
facts.  These  are  known  as  the  Kinetic  Molecular  H^^pothesis  and 
the  Atomic  Hypothesis.  It  is  the  chief  purpose  of  this  present 
chapter  to  show  the  thought  processes  by  which  they  were  i^ 
veloped,  why  they  were  constructed,  and,  in  a  preliminary  man- 
ner, the  purposes  they  serve.  Since  the  chronological  order  of 
development  is  discontinuous  and  the  processes  of  growth  com' 
plicated,  the  discussion  will  be  presented  without  special  reference 
to  time. 

We  have  already  considered  the  law  of  Boyle,  the  law  of  Charia 
and  the  law  of  Gay-Lussac  (conibining  volumes).  The  questions 
inevitably  arise,  why  do  all  gases  behave  ^sentially  alike  when 
subjected  to  change  of  pressure,  why  alike  with  reference  to  volume 
change  with  change  of  temperature,  why  integral  relations  when 
gases  unite  to  form  new  compounds.  The  answers  seem  impossible 
in  terms  of  fact,  but  to  cry  "  ignoramus,'*  we  do  not  know,  is  un- 
satisfactory as  well  as  resultlesa*  It  is  obvious,  however,  that  a 
body  of  gas,  since  it  occupies  a  definite  space  must  either  fill  that 
space  completely  or  partially.  Since,  however,  all  gases  are  com- 
pressible, the  simplest  conception  is,  as  Hero  said  (177  B,  C), 
**  There  are  void  spaces  between  particles  of  air  just  as  there  are 
between  particles  of  sand;  when  air  is  compressed,  the  particles 
are  forced  into  the  vacant  spaces/'  This  may  be  expressed  other- 
wise by  saying:  We  assume  that  gases  consist  of  separate  particles. 
These  particles  are  called  molecules  (from  mol.  =  mass  and  the 
Latin  diminutive).  Of  course,  since  any  gas  may  be  converted  to  a 
liquid  and  then  to  a  solid  and  since  no  matter  of  any  sort  is  found 
which  does  not  decrease  in  volume  when  subjected  to  pressure, 
the  assumption  may  be  extended :  All  matter  is  made  up  of  separate 
particles  called  molecules.  If,  then,  on  the  ground  of  compres- 
sibility of  matter,  we  accept  the  hypothesis  of  molecule-s,  it  becomes 
necessary  to  assume  that  in  gases,  the  space  between  the  mole- 
cules is  very  large  compared  with  the  molecules  themsetveSi 
since  large  volumes  of  gas  are  compressible  to  very  small  volumes 
of  liquid  (c/,  the  volume  of  one  gram  of  water  and  one  gram  of 
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steam,  p.  77).  If  these  spaces  are  relatively  very  great  then  it 
may  easily  be  true  that  when  gases  are  compressed  the  only  change 
which  ordinarily  occurs  is  in  the  space  relationship  of  the  mole- 
cules and  hence  all  gases  act  in  general  as  noted  under  the  heading 
of  Boyle's  Law.  Again,  since  all  gases  increase  in  volume  with 
the  increase  of  temperature,  it  may  be  that  change  of  temperature 
simply  alters  the  space  relationship  of  the  molecules.  This  lat- 
ter assumption  is  io  accord  with  the  behavior  of  solids  and  liquids 
since  they  also  alter  in  volume  with  alteration  in  temperature. 
All  gases  are  characterized  by  the  property  of  indefinite  ex- 
pansion, the  rate  of  which  is  expressed  by  the  law  of  diffusion 
(p.  61),  The  additional  hypothesis  needed  to  account  for  this  is 
to  assume  that  the  molecules  of  gases  are  not  at  rest  but  are  in 
motion  (kinetic  -  motion).  If  the  molecules  are  in  motion  then 
It  may  be  that  the  pressure  of  an  enclosed  body  of  gas  is  due 
to  the  momentum  of  the  particles  striking  upon  the  enclosing 
surfaces.  Since  on  standing,  a  gas  neither  settles  to  the  bottom 
of  an  enclosing  vessel  nor  does  any  diminution  of  pressure  take 
place,  if  our  previous  assumptions  are  correct  then  the  gaseous 
molecules  are  perfectly  elastic*  It  also  follows  from  the  fact  j 
that  the  pressure  of  a  given  quantity  of  gas  varies  inversely  as 
its  volume  (Boyle's  law),  that  all  the  molecules  are  moving  in 
straight  UneSi  since  if  any  were  moving  in  circular  or  other  orbits, 
it  would  be  very  probable  that  an  increasing  number  of  orbits 
would  be  cut  as  the  volume  is  decreased  by  pressure  and  hence 
the  pressure  would  increase  more  rapidly  than  the  concentration. 
Again,  since  the  pressure  of  a  given  quantity  of  gases  increases 
with  increase  of  temperature  at  constant  volume  (Charles'  law), 
it  follows  that  increase  of  temperature  increases  the  speed  of 
motion  of  the  molecules. 

Since  all  liquids  are  convertible  into  gases  and  indeed  have 
at  all  temperatures  a  definite  vapor  tension,  we  must  also  assume 
that  the  molecules  of  liquids  are  in  motion.  In  liquids,  however, 
the  motion  is  not  free  and  independent  as  in  gases,  but  is  re- 
stricted by  the  property  known  as  cohesion.  The  behavior  of 
soUds  with  respect  to  change  of  volume  when  heated  or  cooled, 
the  vapor  tension  of  certain  solids,  and  the  impossibility  of  de- 
termining in  all  cases  whether  substances  are  solid  or  liquid,  make 
it  necessary  to  assume  also  that  the  molecules  of  solids  are  in 
motion. 
We  may  now  condense  our  hypothesis:    We  assume  that  aU 
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maUer  is  composed  of  separate  particles^  called  mdecules,  which  on 
in  constant  motioUj  are  perfectly  elastic,  and  in  gases  are  trWIf 
independenL  In  liquids  and  solids  free  motion  is  limited  6y  tth 
hesion.  The  speed  of  motimi  of  moleades  is  changed  by  chan^  4 
temperature.  This  italicized  statement  is  to  be  regarded  as  t 
"roughed  in"  hypothesis  (the  kinetic  molecular  hypotheaa) 
which  present  a  a  picture  of  what  we  believe  may  be  a  real  con- 
dition of  affaira.  The  '*  finishing  oEf "  of  the  picture  must  awiit 
the  accumulation  of  other  facts. 

It  now  remains  to  present  a  portion  of  the  additional  justi* 
fication  for  all  this  fancy,  for  while,  as  Tyndall  says,  **  We  are 
gifted  with  the  power  of  imagination,  and  by  this  power  we  c$fl 
enlighten  the  darkne-ss  which  surrounds  the  world  of  the  senses/* 
it  iBmains  to  be  seen  how  such  use  of  it  dififers  from  the  skill  d 
the  maker  of  fairy  tales  and  how  "  bounded  and  conditioned  by 
coherent  reason,  imagination  becomes  the  mightiest  instrument 
of  the  physical  discoverer/' 

If  our  hypothesis  be  correct,  i\«.,  really  represents  the  facti, 
we  have  now  a  picture  not  only  of  what  is  taking  place  when 
gases  expand  or  contract  with  alteration  of  pressure  and  of  tem- 
perature, but  we  have  also  a  picture  of  what  takes  place  when  we 
expose  a  liquid  in  an  open  vessel.  Some  of  the  molecules  in 
moving  about  get  beyond  the  range  of  cohesive  attraction  of  the 
other  molecules  and  hence  escape  and,  meeting  no  permanent 
obstacle  to  their  progress,  continue  onward  indefinitely,  followed 
by  a  train  of  fugitives  of  more  recent  escape.  The  liquid  then 
ceases  to  evaporate  only  when  it  is  all  vaporized.  If,  however^ 
we  have  a  closed  vessel  partially  filled  with  liquid,  we  may  picture 
the  escape  of  molecules  as  before;  but  when  they  reach  the  en- 
closing walls  they  are  turned  back,  until  finally  we  have  as  many 
returning  to  the  liquid  surface  in  a  unit  time  as  are  escaping  from  j 
it.  We  have,  then,  an  equihbrium  between  the  gaseous  and  liquid  ■ 
form  and  no  further  evaporation  takes  place*  Again  the  motion  ■ 
of  the  molecules  of  solids  gives  us  a  picture  of  what  takes  place 
when  solids  go  into  solution  in  hquids,  and  a  saturated  solution 
represents  that  condition  where  the  rates  of  escape  of  solute  from 
and  into  the  solvent  are  equal.  When,  however,  the  escape  of  ■ 
the  solute  is  more  rapid  than  the  process  of  solution,  we  may 
observe  such  changes  as  precipitation,  crystal  formation,  etc. 
The  point  we  seek  to  emphasize  in  this  paragraph  is  that  by  means 
of  this  hypothesis  we  may  see  that  the  modes  of  action  of 
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mces   in   the  gaseous,   liquid   and   solid    state  are  not  wholly 
idependent  and  unlike;   and  so  in  the  variety  of  facts,  we  catch 
glimpse  of  the  **  interrelatedness  of  things/'  one  of  the  objects 
science. 


k 


Avogadr6*B  Hypothesis.  —  The  most  important  corollary  of 
inetic-molecular  hypothesis  is  that  which  was  designed  to  account 
lor  the  facts  repra*?ented  by  Gay-Lussac's  law  of  combining  volumes 
|(<g.r*)*  This  law  was  announced  in  1808.  In  1811,  Avogadro,  an 
Italian  physicist,  suggested  that  in  view  of  these  facts  it  is  reason- 
ible  to  assume  that  equal  volumes  of  all  gases  under  like  conditions 
temperature  and  pressure  contain  approximately  equal  numbers 
rf  molecules.  If  this  hypothesis  is  correct  then  the  volume  ratios 
Df  combining  gases  should  be,  as  they  are,  expressible  by  whole 
lumbers.  For  example,  when  hydrogen  unites  with  oxygen,  if 
two  molecules  of  hydrogen  unite  with  one  of  oxygen,  then  the  volume 
Pratio  should  be  two  to  one.  The  hypothesis  of  Avogadro  has 
proved  most  valuable  as  a  means  of  correlation  of  chemical  facts 
and  is,  indeed,  the  foundation  upon  which  our  present  system  of 
correlation  rests.  However,  for  the  reason  that  a  clear  distinction 
between  the  molecule  as  the  physical  component  unit  of  matter 
and  an  equally  imaginary  chemical  unit,  the  atom,  did  not  formerly 
obtain,  it  was  not  until  about  1860  that  chemists  generally  accepted 
the  hypothesis  (c/.  p.  103). 


Molecular  Weights,  —  The  most  useful  feature  of  Avogadro'a 
hypothesis  grows  from  the  fact  that  if  it  is  true,  we  are  in  possession 
of  a  method  of  ascertaining  the  relative  weights  of  molecules  of 
gases.  If  equal  volumes  contain  equal  numbers  of  molecules,  then 
when  gases  are  weighed  under  like  conditions,  the  weights  stand  to 
each  other  in  the  same  ratio  as  the  weights  of  the  individual  mole- 
cules. Any  series  of  values  showing  these  weight  ratios  might  be 
called  molecular  weights*  In  the  following  table  are  given  three 
series  of  numbers  showing  the  relative  weights  of  some  ordinary 
gases.  The  first  column  gives  the  names  of  the  gases,  the  second 
the  weights  per  liter,  the  third  the  specific  gravity  and  the  fourth 
the  relative  weight  using  oxygen  taken  as  32  as  a  standard  of 
comparison. 


405X5? 


Hydrogen < 

Oxygen — 

Water * 

Air...... 

Chlorine 

Hydrofhloric  acid 


0.0896 

1.429 

0.8045 

1.293 

3.166 

1.628 


0.0606 

M05 
0.622 
1,00 
3  449 
1.299 


2  016 
320 

i8.me 

28.955 
70  90 
36  45S 


These  lists  might  be  extended  to  include  all  gaseous  substances. 
The  series  of  numbers  in  the  last  columD  are  those  actually  employed 
under  the  term,  molecular  weights.  The  reason  for  selecting 
oxygen  with  the  arbitrarily  assumed  value  32  as  a  basis  of  molec- 
ular weights  is  given  on  page  102.  It  is  to  be  observed  that  were 
we  to  measure  32  grams  of  oxygen  at  standard  conditions,  the  vol- 
ume  occupied  would  be  22.4  liters,  Le.  (32  H-  1.429  -  22.394).  A^ 
cording  to  Avogadro*s  hypothesis,  it  follows  that  a  molecular 
weight  in  grams  of  any  other  gaseous  substance  would  occupy  a 
like  volume,  22.4  liters.  This  is  known  as  the  gram  molecolii 
volume  of  gases.  It  follows,  then,  that  the  molecular  weight  of 
any  gas  may  be  found  by  multiplying  the  weight  of  one  liter  by 
22.4.  It  is  also  to  be  observed  that  the  values  in  column  four  of 
the  table  may  be  obtained  from  those  in  column  three  by  the 
proportion  32  :  1.105  —  molecular  weight :  specific  gravity.  The 
ratio  32/1.105  =  28.955*  The  value  of  this  observation  lies  in 
the  fact  that  physicists  usually  record  their  determinations  of 
weight  relations  of  gases  in  terms  of  specific  gravities  (air  «  1) 
and  tables  of  these  values  are  available  for  the  use  of  chemists* 
We  may  then  obtain  the  molecular  weight  of  any  gas  by  multi- 
plying its  specific  gravity  by  28.955,  The  quantity^  28«955  is, 
of  course,  the  average  of  the  molecular  weights  of  the  components 
of  the  air. 

The  Atomic  Hypothesis 

In  1803,  an  English  chemist,  John  Dal  ton  (see  Heroes  of  Science, 
Chemists)  converted  the  ancient  atomic  hypothesis  into  an  im- 
portant factor  in  the  development  of  chemistry*  The  origin  of 
the  hypothesis  probably  dates  back  to  the  very  beginnings  of 
Hindu  philosophy.  The  early  Greek  philosophers  considered  that 
all  niaUer  consisU  of  discreU  particles  which  are  indivisible.  These 
atoms  (from  «  =  not,  and  ri^ivuv  =  to  cut)  were  assumed  to  be. 
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tOt  motioii  and  separated  from  each  other  by  void  spaces* 
ItOD,  to  whom  we  more  or  less  clearly  owe  the  law  of  multiple 
ins  and  to  whom  the  laws  of  conservation  of  mass  and  of 
ite  proportions  were  known,  sought  an  answer  to  the  query; 
ly  do  the  facts  summarized  by  these  laws  exist?    While  not 
»rically  exsrct,  we  may  assume  that  he  reasoned  somewhat  as 
follows:    If  the  atomic  hypothesis  is  correct  and  atoms  are  indi- 
visible;  if  we  further  assume  that  chemical  reaction  takes  place  be- 
tmtn  aiofm  and  that  all  aloma  of  one  substance  are  like  in  weight 
ud  tli&t  atoms  of  unlike  ^itbstances  differ  in  weight,  then  the  laws 
of  ootiaervaiion  of  mass,  definite  proportions  and  multiple  propor- 
tions should  ^dflt*    ThuS|  if  atoms  are  indivisible,  no  change  can 
bt  ooofiidered  as  sufficiently  drastic  to  effect  the  destruction  of 
aalter*     Again,  if  chemical  change  takes  place  between  atoms,  it 
duNdd  be  true,  as  it  is,  that  when  chemical  change  takes  place 
between  unlike  atoms,  the  weight  ratio  is  constant,  since  a  given 
quantity  of  the  substance  produced  represents  the  weight  of  a 
definite  number  of  atoms  of  each  constituent.    Similarly,  it  follows 
that  if  more  than  one  compound  is  made  from  the  same  materials, 
the  TanatioQ  in  weight  can  only  be  in  multiples  of  the  weight  of 
abgle  atoms.     It  is  true  that  a  study  of  Dalton^s  own  work  shows 
BO  tdequate  foundation  of  experimental  fact  for  this  sweeping  hy- 
pothesis nor  indeed  for  the  law  of  multiple  proportions  itself  (cf. 
p.  15).     It  was  fortunate  that  the  great  Swedish  chemist,  Ber- 
nlius,  was  much  impressed  by  Dalton's  work  and  amply  confirmed 
by  eatperiment  the  latter's  conclusions  regarding  the  law  of  multiple 
proportions  and,  to  a  very  great  extent,  justified  the  assumptions  of 
the  hypothesis.    The  fundamental  points  of  the  atomic  hypothesis 
18  presented  by  Dalton  are  those  italicized  above.    The  present- 
day  atomic  conception  differs  materially  from  that  of  Dalton  (c/. 
Structure  of  the  Atom,  Chap.  XXXILI),  but  it  is  important  to 
note  that  it  was  these  views  of  Dalton  which  largely  controlled  the 
tnod  of  chemical  nomenclature. 

Atomic  Weights.  — The  first  and  most  obvious  consequence  of 
Dillon's  views  was  that  it  seemed  possible  to  determine  the  relative 
Wiil^ts  of  the  atoms  by  determining  the  proportions  by  weight 
in  wfaich  the  elements  combine.  This  problem  Dalton,  and  more 
especially  BerzcUus,  attempted  to  solve.  The  methods  employed 
eseentialiy  those  described  on  p.  16  el  seg.  for  determination 
of  equivalent    weights.     Two    difficulties    presented    themselves* 
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The  Srst  was  the  selection  of  a  unit  of  measure.  Since  any  elemrat 
might  be  selected  and  arbitrarily  assigned  an  atomic  weight,  the 
difficulty  might  seem  only  a  minor  one,  If,  however,  atomic 
weights  are  to  be  used  as  units  of  measure,  a  general  agreement  b 
essential.  It  is  impossible  here  to  discuss  the  details  of  the  long 
story  of  the  selection  of  a  unit  of  measure.  It  is  sufficient  to  ay 
that  in  1905  an  international  committee,  consisting  of  repreeeiK 
tatives  of  the  chemical  societies  of  the  world,  agreed  upon  oxyg^ 
with  an  assigned  atomic  weight  of  16  as  the  most  convenient  stand- 
ard of  measure  of  atomic  weights.  The  second  difficulty  encoun- 
tered may  be  illustrated  as  follows:  Black  copper  oxide  consiats 
of  79.9  per  cent  of  copper  and  20.1  per  cent  of  oxygen.  If  the  com- 
bination is  in  ratio  of  one  atom  of  copper  and  one  of  oxygen,  then 
the  atomic  weight  of  copper  is  63.6  (20.1  :  79.9  =  16  :  63.6),  But 
red  copper  oxide  consists  of  88.83  per  cent  of  copper  and  11,17  per 
cent  of  oxygen  and  therefore  since  11.17  :  88*83  =  16  :  127.2,  the 
atomic  weight  may  be  127*2.  If  we  adopt  the  number  63.6,  the 
formulae  of  the  two  oxides  are:  black  oxide,  CuO,  red  oxide,  CujO. 
If  we  choose  the  atomic  weight  127,2^  the  black  oxide  becomes 
CuOi,  the  red  oxide,  CuO.  The  attempt  to  select  atomic  weights 
meets  a  like  difficulty  with  many  elements.  Berzelius  adopted 
certain  arbitrary  rules  as  a  guide  and  succeeded  in  developing  ft 
table  of  atomic  weights  marvelously  like  those  in  present  ude. 
There  was,  however,  no  general  agreement  among  chemists  with 
respect  to  these  weights  until  after  Caonizzaro,  in  1858,  suggested 
that  the  hypothesis  of  Avogadro  might  be  used  as  a  final  criterion. 
(Alembic  Club  reprints  No.  18.)  It  is  probable  that  such  use  of 
Avogadro's  hypothesis  would  have  been  made  much  earlier  if  % 
clear  distinction  between  the  atoms  of  elements  and  molecules  had 
obtained.  The  failure  to  recognize  this  distinction  precluded  the 
possibility  of  the  acceptance  of  the  hypothesis* 

Gay-Lussac  had  shown  (c/.  p.  74)  that  two  volume  of  water 
vapor  are  produced  from  two  volumes  of  hydrogen  and  one  of  . 
oxygen.  If  no  difference  exists  between  atoms  and  molecules,  then  I 
Avogadro's  hypothesis  is  false  since  for  each  molecule  of  oxygen  we 
get  two  of  water  and  each  of  the  latter  is  partly  oxygen.  If,  how- 
ever, we  assume  hydrogen  and  oxygen  molecules  to  be  diatomic,  the 
hypothesis  may  be  valid.     This  may  be  illustrated  in  graphic  form* 
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these  ideas  seem  to  have  been  clear  to  Avogadro  id  181 1^ 
not  until  the  publication  of  Cannizzaro's  paper  (1858)  that 
generally  recognized  the  validity  of  Avogadro's  hypothesis 
i&d  were  prepared  to  accept  his  definition:  "A  molecule  is  the 
miUe&t  particle  of  an  element  or  compound  which  exists  free  in 
ft  gps.**  Cannizzaro  proposed  to  use  this  definition  of  a  molecule 
tt a  starting  point  and  since  the  relative  weights  of  gases  are  molec- 
ular w^ghtSt  to  select  as  the  atomic  weight  of  an  element  the  least 
iBioiint  of  that  element  present  in  a  gram  molecular  weight  of  any 
«f  its  TOlatile  compounds.  The  choice  of  atomic  weights  becomes, 
^bcrefore,  a  matter  of  laboratory  determination. 

^V    S^iection  of  Atomic  Weights.  —  We  have  now  the  atomic 
^ici^t  of  oxygen  arbitrarily  selected  as  16.     We  have  also  a  basis 
«1  selection  of  the  atomic  weights  of  other  elements.     If  it  were 
itmnd  to  find  the  atomic  weight  of  hydrogen^  we  could  proceed  as 
toDowB:     We  select  a  volatile  compound  of  hydrogen  and  deter- 
aioe  its  molecular  weight.     Water  is  a  volatile  hydrogen  compound 
viUi  a  specific  gravity  as  a  gas  of  0.622,     Its  molecular  weight  is 
dierefore  approximately  18  (cf,  exact  molecular  weights,  p.  105). 
Careful  analysis  of  water  shows  its  composition  {cf.  p.  74)  to  be 
16  parts  by  weight  of  oxygen  to  2.016  parts  of  hydrogen.     The 
stomic  weight  of  hydrogen  may  be  2.016.     If,  however,  we  proceed 
lo  ascertain  the  molecular  weights  and  the  composition  of  gram 
molectilar  weights  of  a  number  of  other  hydrogen  compounds,  w© 
obtain  a  series  of  results  as  indicated  in  the  following  table: 


Ifoteeular 


Bydroc«0' 


Other  elemeDto. 


titer - . . 

BydroceQ  peroxide 
^>drocUoric  Acid. 

ADmonim 

BirdfQfiQ  sulfide.. 


isoie 

34  016 
36.46S 
17  064 
a4  076 
ie032 


2  016 
2  016 

1  008 
a  024 

2  016 
4  032 


Oxygen.. 
Oxygen.. 

Nitrogen 

Sulfur . . . 
Carbon . . 


16  , 

32 

35.46 

14  04 

32.06 

12.0 


Thenuinber*  LOOS,  represents  the  smallest  quantity  of  hydrogen 
rtich  appears  in  a  gram  molecular  weight  of  any  of  these  com- 
Poonda,    It  may,  therefore,  be  used  as  the  atomic  weight  of  hydro- 
I  flome  compound  were  discovered  in  which  a  gram  molec- 


I 


I 


ular  weight  should  contain  less  than  1;008  grams  of  hydrogen.  I 
euch  compound  is  known-  Having  found  that  no  smaller  weigji 
than  L008  need  be  used  to  represent  the  combining  weight  of  hydii 
gen,  we  may  apply  the  same  method  successively  to  all  othi 
elements.  If  the  numbers,  35.46,  14.04,  32.06  and  12.0  represei 
the  atomic  weights  of  chlorine,  nitrogen,  sulfur  and  carbon,  tl 
formulas  of  the  compounds  in  the  above  table  are  water,  Hj< 
hydrogen  peroxide,  H2O3,  hydrochloric  acid,  HCl,  ammonia,  NH 
hydrogen  sulfide,  HaS  and  methane,  CR|, 

Another  example  may  be  given  for  the  sake  of  emphaaijEii 
the  fact  that  analysis  alone  is  not  sufficient  to  establish  atom 
weights.  Let  us  suppose  we  have  established  the  fact  that  tl 
atomic  weight  of  chlorine  is  35.46*  There  is  a  compound  of  pho 
phorus  and  chlorine,  the  analysis  of  which  shows  it  to  consist  0 
35,46  parts  chlorine  to  10,33  parts  phoBphorus.  The  chloride  i 
phosphorus  in  question  has  a  molecular  weight  of  137.46*  Tl 
quantity  of  phosphorus  in  a  gram  molecular  weight  is  therefcn 
31  grams.  Since  no  compound  of  phosphorous  is  known  whic 
contains  a  less  amount  per  gram  molecular  weight,  31  is,  therefon 
the  atomic  weight  and  not  10*33.  For  supplementary  methods  i 
obtaining  atomic  weights,  the  student  is  referred  to  p.  108  an 
to  text-books  on  physical  chemistry. 

Exact  Atomic  Weights* — So  far  in  the  discussion  of  atom! 
weights,  we  have  assumed  that  exact  values  of  the  atomic  weigbi 

may  be  obtained  by  analysis  of  gram  molecular  volumes  of  gaseoi 
substances.  For  various  reasons  the  values  thus  obtained  are  nc 
so  exact  as  those  gotten  by  indirect  methods.  For  example,  a 
Burning  the  atomic  weight  of  silver  to  be  known,  the  atomic  weig 
of  chlorine  may  be  more  accurately  ascertained  by  analyzing  mbr\ 
chloride  than  by  attempting  to  determine  the  w-eight  of  chloril 
in  22.4  hters  of  gaseous  hydrochloric  acid.  Very  accurate  analya 
of  this  sort  is  known  as  atomic  weight  determination.  An  en« 
mous  amount  of  painstaking  labor  has  been  expended  upon  tl 
problem.  Even  with  the  utmost  care  and  with  the  use  of  tl 
most  refined  instruments,  these  measurements  are  subject 
small  errors  which  are  due  to  imperfections  of  apparatus, 
purities  of  reagents  and  other  causes  some  of  which  may  be 
known  to  the  analyst.  For  example,  the  classic  research  of  Dumj 
on  the  composition  of  water  (p,  72)  was  vitiated  by  a  ea.use  by 
him^  wholly   unsuspected,    the  occlusion   of    small    amount©^^ 
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by  copper*     Such  errors  are  what  is  known  collectively 

ital  error  and  are  the  reason  that  different  analysts 

iG^tly  varying  results.     A  consequence  of  these  errors  is 

from  tune  to  time  the  atomic  weights  must  be  readjusted 

mfonn  with  the  most  reliable  measurements  available.    To 

itate  this   readjustment »  an  international   commiitee   is  ap- 

to  review  the  work  on  atomic  weights  and  publish  annually 

which  is  known  as  the  international  atomic  weights.     These 

its  are  used  whenever  calculations  involving  chemical  rela- 

required.     It  is  not  to  be  understood  that  the  actual 

weights  vary  from  year  to  year.     It  is  the  accuracy  with 

they  have  been  determined  which  varies. 

Eamct  Molecular  Weights,  — The  molecular  weight  of  oxygen 

|^€SB0ily  thirty-two.     The  reason  for  adopting  this  number  is 

Wmr  muse  if  sixteen  is  arbitrarily  chosen  as  the  atomic  weight 

ioC  cnej^gen  and  the  element  is  diatomic  (cf.  p.  102)  the  molecular 

wrig^t  ts  also  arbitrarily  selected.     The  gram  molecular  volume  of 

iSSfgEa  m  then  22.4  Uters.     So  far  in  the  previous  discussion  of 

mofecolar  and  atomic  weights,  it  has  been  assumed  that  22.4  liters 

m  the  escact  volume  of  a  gram  molecular  weight  of  all  gases*    This 

m  not  strictly  true.     It  would  be  true  probably  if  all  gases  con- 

fcraied  strictly  with  the  generalizations  of  Boyle,  Charles  and 

Gag^LusBac.     They  do  not  do  so  for  reasons  which  are  wholly 

m  iooord    with   the   kinetic   molecular  hypothesis.     A  full   dis- 

cviooo  of  th^e  reasons  is  properly  a  part  of  physical  chemistry 

iad  is  usually  presented  in  connection  with  Van  der  WaaFs  equa- 

tifxi  (see  text-books  on  Physical  Chemistry)*     Direct  determina- 

Haa  of  the  weight  of  22.4  liters  of  gaseous  substances  at  0*"  and 

780  mm.  does  not  give  the  exact  but  only  the  approximate  molecu- 

lir  weights.     The  analytical  results  obtained  in  determining  the 

composition  of  substances  are,  however,  subject  to  variations  by 

ao  means  so  great  as  those  obtained  by  the  weighing  of  gases. 

For  example,  the  weight  of  22.4  liters  of  hydrogen  is  2.012  grams^ 

The  atomic  weight  of  hydrogen  is  1,008  and  since  hydrogen  is 

liiatomic  (p.  100)  its  exact  molecular  weight  is  2.016.     The  foUow- 

bg  table  will  illustrate  the  magnitude  of  the  variations  between 

i>bNrved  and  exact  values  {qf,  also  p.  US)* 
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Qm. 


Hydrogen 

Oxygen.. 

ChloriDe. . . . . . 

Cur  boo  dioxide. . , 

'  Ammonia. . , . . 

Sulfur  dioxide 

Phospbine 

Hydrochloric  acid 
Hydrogen  sulfide. 

Nitrogen 

Nitric  oxide. 


DtoBty. 

ObMTVVd 

laoJmteviail 

€.0695 

2.012 

2016 

1,105 

32 

32 

2.490 

72,01 

70  92 

1.520 

44  27 

44  00  J 

0.597 

17.28 

ir.osfl 

2,264 

65.54 

64.oefl 

1.214 

35.15 

34  0|J 

1.269 

36.72 

1.189 

34.43 

34  OTil 

0.967 

28.07 

28  08^ 

i.oasT 

30.07 

30  01 

I 


Valence.  —  Referring  to  the  table  on  p.  103,  it  may  be  seen  that 
one  atomic  weight  of  chlorine^  oxygen^  nitrogen  and  carbon  unite 
respectively  with  one,  two,  three  or  four  atomic  weights  of  hydro- 
gen. It  will  he  seen,  then,  that  if  we  are  to  use  atomic  weigbU 
as  unit^  for  the  expression  of  chemical  compositioDi  the  atomic 
weights  of  different  elements  are  not  necessarily  of  equal  value. 
If  we  use  hydrogen  as  a  basis  of  comparison,  we  see  that  the 
numerical  combining  values  of  atomic  weights  of  these  four  ele- 
ments are  in  the  ratio  of  1:2:3:4.  This  numerical  value  of 
atomic  weights  of  the  elements  in  terms  of  hydrogen  is  Imown  as 
Talence  (c/.  also  p.  65). 

We  have  already  noted  the  fact  that  the  valence  of  an 
element  may  be  variable  (cf,  p.  102).  We  shall  find,  as 
proceed,  that  this  variation  depends  upon  the  character  of  the 
elements  and  the  conditions  of  reaction.  It  is  sufficiently  regular 
to  be  very  serviceable  in  the  study  of  chemical  relations.  Th6 
relation  of  atomic  to  equivalent  weights  is  now  clear.  The  atomic 
weight  of  an  element  is  equal  to  the  equivalent  weight  multiplied 
by  the  valence.  When  an  element  manifests  more  than  one 
equivalent  weight,  its  valence  is  correapondingly  variable  (qf. 
Chapter  XXXVI), 


The   Reality   of  Atamic   and  Malecular    Weights*  —  The 

student  is  urged  to  keep  in  mind  that  atoms  and  molecules  are 
imaginary  quantities  and  may  or  may  not  have  a  real  existence. 
It  is  true  also  that  recent  investigations  have  rendered  the  actual 
existence  of  both  molecules  and  atoms  so  extremely  probable  that 
few  scientists  doubt  their  real  existence,  yet  the  development  of 
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i  conceptd  was  a  pure  product  of  the  imaginatioD.     On  the  other 

id,  the  student  must  clearly  understand  that  molecular  weights 

atomic  weights  are  real     Molecular  weights  arc  the  relative 

its  of  equal  quantities  of  gases  compared  with  oxygen  with 

assigned  value  of  33,    Atonaic  weights  are  the  weight  units 

which  we  express  the  composition  of  compounds  and  moreover 

)ress  in  grams  the  smallest  quantity  of  each  element  occurring 

a  gram  molecular  volume  of  any  of  its  volatile  compounds. 

Molecular  Formulas  and  Equations,  —  A  very  valuable  ex- 
^nsion  of  the  use  of  formulas  and  equations  is  now  possible.  We 
may  use  formulas  not  only  to  represent  the  composition  of  the 
compounds,  but  we  may,  by  means  of  formulas,  represent  the 
molecular  weights  of  elements  and  compounds.  The  molecular 
compleirity  of  elements  is  indicated  by  subscripts  appended  to 
the  symbols*  Thus  the  table  on  p.  106  indicates  that  the  formulfls 
of  oxygen,  hydrogen,  nitrogen  and  chlorine  are  Oj,  Hi,  Nj  and  Cli> 
respectively.  Certain  elements  are  more  complex,  thus  the  for- 
mula of  phosphorus  vapor  is  P4;  of  sulfur  S«.  Some  elements  are 
mon*atomic,  e.g.,  argon,  A;  ainc  vapor,  Zn,  etc. 

If  we  use  molecular  formulas  to  represent  chemical  changes 
and  the  molecular  formulas  of  the  products  are  likewise  indicated, 
we  have  what  are  known  as  molecular  equations.  Such  equations 
not  only  convey  the  expression  of  molecular  quantities  but,  if  the 
reacting  materials  are  gaseous^  the  volume  relations  are  also 
indicated.  In  subsequent  chapters,  whenever  possible,  equations 
will  be  expressed  in  molecular  form,  A  few  illuatrative  examples 
are  cited. 

2H,  +  Os  ^  2HiO  (as  vapor), 
2(22.4  I)  +  22.4  I  -^  2(22.4  1.), 

2HtO,  -^  2H,0  +  Oi, 
68  g.  -^  36  g.  +  22.4  I., 
Hi  +  CI,  "♦  2HC1, 
22.4  K  + 22.4 1.->  2(22,4 1), 

Additional  Methods  of  Determining  Molecular  Weighu 
and  Atomic  Weights,  —  As  the  student  further  pursues  the  sub- 
ject, he  will  encounter  various  means  by  which  molecular  weights 
are  determined  besides  the  fundamental  one  of  the  relative  weights 
of  gases.     Of  these,  the  more  important  are  the  freezing 
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boiling  point  and  osmotic  pressure  methods  later  detailed 
Chapter  IX.  There  are  several  methods,  such  as  the  metW 
of  co*volumes,  the  analysis  of  salta,  the  rates  of  diffusion  of  pBCi\ 
etc.,  not  discussed  in  this  text.  For  a  discussion  of  these, 
student  is  referred  to  texts  on  physical  chemistry.  These  meti 
serve  not  only  as  checks  upon  the  accuracy  of  the  fundamentil 
method  but  also  serve  to  extend  our  knowledge  of  molecular 
weights  to  substances  not  obtainable  in  the  gaseous  condition. 
For  example^  hydrogen  peroxide  (c/.  p.  103)  cannot  be  obtained 
as  a  gas,  but  the  freezing  point  method  {cf.  p,  162)  shows 
its  moleci^ar  weight  to  be  34  and  its  formula  is  consequently 
H,Oi.  j 

We  have  also  a  variety  of  methods  of  checking  the  atomic 
weights  selected  as  those  representing  the  smallest  weights  of 
the  various  elements  present  in  gram  molecular  volumes  of  their 
volatile  compouods.  One  of  these,  the  Law  of  Dulong  and  Petit, 
is  particularly  valuable,  since  it  not  only  checks  the  fundamental 
methods  where  both  are  practicable,  but  serve  as  a  means  of  ascer* 
taining  atomic  weights  of  certain  elements  which  have  no  voktile 
compounds*  The  law  was  announced  in  1818  as  a  result  of  the 
observation  of  Dulong  and  Petit  that  the  specific  heat  of  the 
elements  in  the  solid  state  multiplied  by  their  atomic  weights 
gives  an  approximate  constant  wMch  is  in  the  neighborhood  of 
6*4*  This  rule  is  not  a  rigid  one,  as  is  shown  by  the  following 
table^  and  for  that  reason  is  sometimes  called  Dulong  and  Petit*8 
approximation, 

ElemeaL         8p.  ht.         At.  wt.  C.  Elfimeot.  Bp.  ht.         At.  wk         C 

Lithium. .  0.9408  X     6.94  =  6,53  Cadmium 0.0514  X  U2.4  ^  5.78 

Silver...  0. 0559- X  107.88  =  6.03  Lead 0.03096x207.1  =.5. "m 

Gold 0.0304'x  197.2    -6.25  Iron ...  0.1098  X   65.5=6.12 

Copper.,.  0.0923  X   63.57=5.88  Uranium......  0.0277  X ^8.5 -6.61 

Bismuth. .  0,0305  X  208.00  =  6.34  Mercury  (solid)  0.0335  x;200.0  -  6.7 

The  values  shown  lie  between  5,78  and  6.7.  If  a  few  ele- 
ment^,  such  as  silicon,  boron  and  carbon,  had  been  included  the 
product  of  the  specific  heat  at,  or  near,  the  ordinary  temperature 
times  the  atomic  weight  would  be  for  these  elements  4.8,  2.6  and 
2*35;  but  if  the  specific  heat  were  measured  at  higher  temperatures 
the  value  of  the  product  approaches  more  nearly  6.4,  e.g.,  carbon 
at  977°  has  a  specific  heat  of  0,467,  which  gives  as  a  "  constant  " 
5.8.    The  variations  from  a  constant  are  probably  due  in  part 
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Hthe  fact  that  the  specific  heat  values  are  not  taken  under  com- 
^pable  conditions  and  in  part  to  the  differences  in  the  molecular 
Knplexity  of  the  elements.  It  would  lead  too  far  to  enter  into 
%,  det^led  discussion  of  these  variations.  It  is  sufficient  for  our 
garcoent  purpose  to  say  that  in  spite  of  these  variations  the  rule 
is  sufficiently  exact  to  enable  us  to  choose  between  various  equiv- 
alent weights,  found  by  analysis,  in  selecting  an  atomic  weight, 
^!hus,  if  an  element  were  to  be  discovered  and  on  analysis  shown 
lo  have,  as  an  oxide,  an  equivalent  weight  of  117,  but  with  a  specific 
heat  such  that  sp.  ht.  X  117  =  approximately  3.2,  we  should  at 
once  conclude  that  the  atomic  weight  is  probably  234,  whether 
volatile  compounds  could  be  prepared  or  not.  In  general,  then, 
6.4  -r-  sp.  ht,  =  the  approximate  atomic  weight,  \ 

There  are  several  other  methods,  available  in  special  cases,  for 
determining  atomic  weight  values.  It  is  necessary  to  mention 
here  only  the  Periodic  Law  (g,y.)>  the  Law  of  Isomorphism  (qAf,) 
and  the  ratio  of  specific  heat  of  gases  at  constant  pressure  to  that 
at  constant  volume  (p.  278).  These  wiU  be  further  discussed 
fliibsequently- 

^    Exercises.  —  1.   In  what  sense  may  a  stochastic  hypothesis  be 
''proved"? 

2.  First  make  a  clear  statement  of  the  essential  features  of  the 
kinetic  molecular  hypothesis^  and  then  show  how  it  ** explains" 
the  laws  of  Boyle  and  Charles  and  the  law  of  diffusion. 

3.  Show  how  the  kinetic  molecular  hypothesis  explains  the  vapor 
tension  of  liquids  and  the  '"flow**  of  such  substances  as  sealing 
wax,  glass,  glaciers,  etc. 

4.  The  specific  gravity  of  certain  gaseous  compounds  referred 
to  air  is  as  foUows:  A,  2.263;  B,  6,86;  C,  1.189;  D,  L1529. 
What  are  the  corresponding  weights  per  liter  and  molecular 
weights? 

6.  A  substance  at  760  mm.  and  O'^  C.  weighs  1.9768  grams  per 
liter.  On  analysis  it  is  found  to  consist  of  exactly  72.72  per  cent 
oxygen  and  27.28  per  cent  carbon.  What  is  the  ^*  observed,^'  and 
what  the  "  exact "  molecular  weight? 

6.  State  in  outline  the  essential  features  of  Dalton's  atomic 
hypothesis  and  then  show  in  detail  how  it  explains  the  laws  of 
definite  and  multiple  proportions. 

7-  A  certain  element  has  only  one  known  volatile  compound 
with  a  specific  gravity ,  12*85.     It  consists  of  38.11  per  cent  cUo* 
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rine  and  6L89  per  cent  of  the  other  element.  What  Is  the  moW 
utar  weight  of  the  compound  and  the  atomic  weight  and  tbi 
valence  of  the  element? 

8.  The  molecular  weight  of  a  certain  substance  is  52.08.  It 
consists  of  46.08  per  cent  carbon  and  53*92  per  cent  nitrogen.  What 
is  the  molecular  formula  of  the  Bubstance?  (See  table  for  atomic 
weights  of  carbon  and  nitrogen.) 

9.  If  Avogadro's  hypothesis  is  accepted  as  true  and  the  vi- 
ume  relations  of  nitrogen  and  hydrogen  in  uniting  to  form  ammooift 
are,  1  vol.  of  nitrogen  and  3  vol.  of  hydrogen  give  two  volumes  d 
ammonia  (NH,),  what  is  the  molecular  formula  of  nitrogen? 

10.  If  1  vol*  of  phosphorus  vapor  and  6  vol.  of  chlorine  unite 
to  form  four  volumes  of  phosphorus  trichloride,  what  is  the  molec- 
ular formula  of  phosphorus?  (The  atomio  complexity  of  chlonM 
is  shown  by  the  formula  Clj.) 

11.  A  new  substance  has  a  specific  gravity  of  11,8  as  a  gaa. 
Its  composition  is  30  per  cent  of  a  new  element  and  70  per  cent  bro- 
mine. What  are  the  approximate  and  the  exact  molecular  weight! 
of  the  new  substance  and  the  atomic  weight  and  the  valence  of  tba 
new  element? 

12.  In  terms  of  kinetic  molecular  hypothesis,  how  do  you  es- 
plain  the  difference  between  ice  and  water? 

Explain  the  equilibrium  between  water  and  its  vapor.  How 
does  temperature  affect  equilibrium?  (Answer  this  question  from 
the  viewpoint  of  the  hypothesis.) 

13.  What  would  be  the  value  of  the  G.M,V,  at  100**  and  1000 
mm.? 

14.  The  density  of  a  gas  compared  to  oxygen  is  0.9756.  What 
is  its  molecular  weight? 

15*  The  density  of  a  gas  referred  to  air  is  0*8507,  what  is  il 
molecular  weight?     What  is  the  weight  of  1  liter  of  the  gas? 

16.  Upon  what  evidence  are  we  justified  in  making  the  assump- 
tion that  the  chlorine  molecule  is  2.28  times  m  heavy  as  the  oxygen 
molecule?  Give  a  list  of  the  facts  and  assumptions  which  underlie 
this  assumption. 

17.  (a)  Suppose  that  mercuric  chloride,  phosphorus  trichloride 
and  phosphorus  oxychloride  were  the  only  volatile  compounds  of 
chlorine  known,  the  weights  of  chlorine  contained  in  the  G.M.V. 
being  70.9,  106.35  and  106.35  grams  respectively  for  each  of  the 
compounds,  what  would  be  the  value  of  the  atomic  weight  of 
chlorine? 


lai 


KINEmC-MOLECULAR  AND  ATOMIC  HYPOTHESES 


111 


(I)  If  the  weights  of  chlorine  in  the  G.M.V.  of  three  vola- 
cfalorides  were  70.9,  141.8,  212.7  grams,  what  would  be 
Tabe   for   the   atomic    weight   of   chlorine  based  on  these 

18.  The  weights  of  a  new  element  X  contained  in  the  G.M.V. 
of  its  known  volatile  compounds  were  respectively  145  and  290 
gnnm.     What  is  its  atomic  weight? 

If  a  hydride  of  X  were  discovered  which  poBseBsed  the  molec- 
idftr  weight  73.6,  how  would  the  value  of  the  atomic  weight  be 
modified?     What  is  the  valence  of  X? 

19,  What  numerical  relationship  obtains  between  the  atomic 
equivalent  weights  of  an  element?  Between  the  molecular 
aloiimc    weights?     Hence,   what   relationship   holds  between 

and  equivalent  weights?     What  facts  must  be  known  in 

to  establish  the  atomic  weight  of  copper? 

.   An  oxide  of  sulfur  contains  50  per  cent  of  sulfur  and  50 

per  cent  of  oxygen.     If  its  molecular  weight  is  128,  what  is  its 

Bokeolar  formula? 

^     21.   WTiat  weight  of  sulfur  would  be  required  to  produce  10 

■fefits  of  sulfur  dioxide  at  10**  and  780  mm,?     What  volume  of  oxy- 

Hbi  would  be  required?     Employ  the  method  of  molecular  equa- 

*^   22.  What  volume  of  carbon  dioxide  at  400""  is  produced  by 
heatiiig  1  kg.  of  limestone  to  812"*? 

23.  What  are  the  volume  changes  involved  in  the  following 
tateractions,  it  being  assumed  that  pressure  remains  constant  and 
that  the  temperature  of  the  interacting  substances  is  the  same  as 
tbat  of  the  products:  (1)  union  of  hydrogen  and  bromine,  (2) 
mooD  of  hydrogen  and  oxygen,  (3)  2NH,  — >  SHi  +  Nj,  when  the 
fadDipofiition  is  half  complete? 

21.  Give  molecular  equations  for:  the  displacement  of  hydro- 
BCQ  from  an  acid  by  aluminium,  the  displacement  of  hydrogen  from 
Ikltem  hydroxide  by  zinc,  the  action  of  chlorine  on  water,  the  inter- 
letbn  of  potassium  permanganate  and  hydrochloric  acid,  the  action 
of  fteam  on  red  hot  iron. 

25.  The  specific  heat  of  an  element  is  0.063  and  its  equivalent 
PGight  (O  »  8)  is  34.3.     What  is  the  atomic  weight? 

28w  Write  the  equations  in  molecular  form,  for  the  decomposi- 
tiodil^heatof  KClOi;  BaOa;  MnO,  and  KNOj,  and  then  calculate 
from  them  the  volumes  of  oxygen  produced  by  heating  20  grams 
ofaadL 
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27.  In  the  preparation  of  hydrogen  and  oxygen  from  water 
by  electrolysis,  what  volume  of  each  is  produced  from  54  grams  of 
water. 

28.  How  many  liters  of  hydrogen  are  obtained  by  treating  27 
grams  of  aluminium  with  hydrocUoric  acid?  (Write  the  mdeo* 
ular  equation  and  obtain  answer  from  that.) 


Occurrence,  —  Chlorine  does  not  occur  free  in  nature.  Sea 
water  contains  large  quantities  of  its  compounds.  Analysis  of  sea 
-water  shows  it  to  contain  about  3.6  per  cent  of  solids  of  which  the 
chief  compounds  are:  salt,  NaCl^  77  per  cent,  magnesium  chlo- 
ride, MgCU,  8.8  per  cent,  potassium  chloride,  KCl,  2.5  per  cent. 
Great  deposits  of  salts,  probably  formed  by  evaporation  of  sea 
wat-er,  are  found  in  various  parts  of  the  world.  Ordinarily,  the 
deposits  are  in  more  or  less  sharply  defined  layers  formed  by  the 
process  of  fractional  crystaUissation.  The  greatest  deposits  are 
found  in  Europe  along  a  line  running  approximately  from  the  mouth 
of  the  Rhine  to  the  mouth  of  the  Danube.  These  deposits  have, 
in  some  cases,  been  worked  for  common  salt  for  hundreds  of  years. 
The  most  famous  mines  are  probably  those  at  Stassfurt.  These 
are  notable  not  only  as  salt  mines  but  also  as  sources  of  potassium 
and  magnesium  salts  and  of  bromine  iq^v,),  A  similar  series  of 
salt  deposits  is  found  in  the  region  of  western  New  York,  southern 
Michigan,  Ohio,  West  Virginia  and  Kentucky. 

Many  inland  lakes,  such  as  the  Caspian  Sea,  the  Dead  Sea, 
Great  Salt  Lake,  etc.,  also  are  rich  in  chlorides.  Extinct  lakes  such 
as  these  are  supposed  to  be  the  source  of  such  deposits  as  those  of 
Oklahoma  and  Kansas,  Compounds  containing  chlorine,  chiefly 
common  salt,  are  found  in  all  soils,  and  hence  are  also  present  in 
all  surface  or  sub-surface  waters,  usually  in  small  quantities.  The 
animal  organism  also  contains  chlorine  compounds.  The  gastric 
juice  contains  about  0.1  per  cent  of  hydrogen  chloride  and  the  blood 
contains  calcium  chloride,  potassium  chloride  and  common  salt 
in  about  the  same  relative  proportions  in  which  they  are  found  in 
sea  water  though  only  one-third  as  concentrated.  All  herbivorous 
animals  have  a  normal  craving  for  sodium  chloride  which  must 
be  satisfied  if  health  is  maintained* 


History,  —  Although  chlorine  compounds,  especially  salt,  have 
known  and  used  by  man  from  prehistoric  times  aud  "  salt  *' 
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was  one  of  the  alchemistic  ''eleraents/'  the  recognition  of  chlprb 
as  a  constituent  factor  was  accomplished  only  in  1774  by  ScheciCi 
who  called  it  "  dephlogisticated  muriatic  acid/*  since  he  prepand 
it  by  treating  hydrochloric  acid  (muriatic  acid)  with  mangSLoeas 
dioxide,  the  product  being  capable  of  supporting  combu5tioiL 
Lavoisier  (1789),  on  the  assumption  that  all  acids  contain  oxygefi, 
called  the  gas  oxymuriatic  acid,  and  assumed  the  relation  between 
hydrochloric  acid  and  chlorine  to  be  the  same  as  between  sulfuioai 
and  sulfuric  acids  {q*v.).  Gay-Lussac  (1800)  endeavored  in  vain  to 
reduce  this  supposed  oxide  and  in  1810  Sir  Humphrey  Davy  in  m 
exhaustive  research  (see  Alembic  Club  reprints  No«  9)  showed  tbat 
so  far  as  was  then  known  there  was  no  satisfactory  evidence  of  the 
substance  being  complex,  and  he  proposed  to  consider  it  an  element 
and  to  call  it  chlorine  (x^ip^  —  greenish  yellow)  because  of  its  color* 
This  view  obtains  at  present  and,  following  the  example  of  Davy, 
several  subsequently  discovered  elements  have  been  named  from 
some  striking  physical  property.     (See  bromine^  iodine,  etc.) 


I 


Preparation*  —  The  methods  of  preparing  chlorine  will  be  coo* 
flidered  under  three  heads: 

1.  By  Heating  Chlorine  Compounds.  —  Many  chlorides  when 
heated  are  decomposed  and  one  of  the  products  is  chlorine;  ihm 
platinic  chloride  and  gold  chloride  decompose  readily  at  modemte 
temperatures,  as  indicated: 

^  2AuCl,  -^  2Au  +  3Clt, 

■  PtCl4-^Pt  +  2CU. 

^^^  While  cupric  chloride  gives  on  heating  the  cuprous  compound: 
^^  2CuCir->  2CuCl  +  CI,. 

■  Unfortunately  for  the  application  of  the  process,  the  naturally 
I  occurring  chlorides  decompose  only  at  such  high  temperatures  u 
I  to  render  the  method  impractical;    thus  sodium  chloride  is  not 

decomposed  at  its  boiling  temperature  of  1750'^C. 

2.  Electrolytic  Methods. — ^If  a  solution  of  common  salt  or  of 
hydrochloric  acid  be  electrolysed  chlorine  appears  at  the  positive 
pole  (the  anode)  and  sodium,  or  hydrogen,  at  the  negative  pote 
(the  cathode).  In  the  case  of  the  electrolysis  of  sodium  chloride, 
the  sodium  reacts  with  water  and  gives  sodium  hydroxide,  so  that 
the  net  result  is 

fc  2NaCl  +  2H,0  ^  CI,  +  H,  +  2NaOH. 
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^U  tte  process  is  to  be  carried  out  on  a  practical  basiSf  the  elec- 
t  must  be  separated  to  prevent  the  interaction  of  the  products 
through  diffusion.     This  mixing  is  prevented  either  by 
a  membrane  of  earthenware,  asbestos,  Portland  cement^ 
;Qr  hf  placing  the  anode  in  a  separate  compartment  (the 
b);   or  by  using  mercury  as  a  cathode  (Fig.  32).    In 
'  last  case  the  sodium  unites  with  the  mercury  to  form  an  amal- 
which  may  be  removed  from  time  to  time  and  washed  with 
to  obtaiii  sodium   hydroxide   (Castner^s  Process),     Fused 
are  abo  electrolysed  and  various  devices  are  employed  to 
k  the  products  separate.    For  full  details  the  student  is  referred 
[to  Tbompeon's  Electrochemistry. 


CArfb^w* 
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3.  Oxidation  of  Compounds  of  Chlorine-  —  Oxidation  of  hydro- 

ic  acid  by  air  is  not  possible  by  direct  action,  i,€.f  by  simple 

Ibaming  of  the  acid.     But  by  the  use  of  a  catalytic  agent  and  the 

'  prtDctple  of  mass  action  (q,v.)  this  result  may  be  reached  (Fig.  33). 

Hydrogen  chloride  mixed  with  air  is  passed  through  a  tube  heated 

to  about  400*  and  containing  pumice  stone  which  has  been  treated 

|iiith  a  nolution  of  copper  chloride*     The  result  of  the  reaction  is 

4HC1  +  0»  —  2H,0  +  2C1,. 

If  cuprous  chloride  be  used,  it  remains  in  the  aame  condition 
kt  the  end  aa  at  the  beginning  of  the  reaction.  It  does  not  follow 
it  it  remained  the  same  during  the  reaction.  The  following 
chajigea  probably  take  place: 

2CuCl  +  02-^  2CuO  +  < 
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The  chlorine  so  obtained  is  contaminated  with  unbumed 
hydrochloric  acid,  water,  unused  oxygen,  and  nitrogen  from  the 
air*  The  acid  can,  of  course,  be  removed  by  washing  with  water 
and  the  impure  chlorine  used  in  processes  where  the  impurities 
are  of  httle  or  no  consequence,  e.^-,  in  the  manufacture  of  bleach- 
ing powder  (q.v,).  This  process  is  of  commercial  application  and 
is  known  as  Deacon's  process. 

The  same  result,  oxidation  of  hydrochloric  acid»  may  be  a^ 
complished  more  readily,  though  not  more  cheaply,  by  using 
hydrochloric  acid  in  solution  in  water  and  any  fairly  active  030* 
dicing  agent*     A  few  examples  and  the  equations  are  given: 

MnOi  +  4HC1  -^  MnCU  +  2HiO  +  CI,, 
PbOi  +  4HCI  -*  PbCli  +  2HsO  +  CU, 
KCiOa  +  6HC1  -*  KCl  +  3H2O  +  3CI3, 
2KMn04  +16Ha  -^  2KCI  +  2MnCl2  +  SH^O  +  SCU. 


V 
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^     ^ 


I 


Fxo,  33» 

The  first  reaction  is  especially  interesting  because,  by 
Weldon  recovery  process,  the  manganese  chloride  can  be  con- 
verted into  an  again  available  substance,  as  follows:  If  mixed 
with  milk  of  lime  (Ca(0H)2)  in  suspension  and  air  is  blown  through 
the  hot  mixture  it  is  converted  mto  a  substance  known  as  calcium 
manganite,  which  may  be  regarded  aa  CaO  •  MnOs*  This  is  in- 
soluble and  settles  out  as  a  "  mud,''  which  may  then  be  used  as 
before.  In  1885,  Weldon  and  Pechiney  suggested  the  beating  of 
magnesium  chloride,  MgCI,,  in  a  current  of  air  and  then  treating 
the  oxide  with  hydrogen  chloride: 

2MgCl,  +  Ot  -^  2MgO  +  2CU, 
MgO  +  2HCI  -^  MgCli  +  HA 
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JThe  proceed  18  therefore  continuous  and  is  very  satisfactory* 

|ibo  i>068ible  to  manufacture  the  hydrochloric  acid  and  oxidize 

operation.    This  is  the  most  common  laboratory  process. 

1  sulfuric  acid  are  mixed  and  the  reactions  may  be  expressed: 

(1)  2MnO,  +  2H,S0|  ^  2MnS04  +  0,  +  2HaO, 

(2)  2NaCl  +  H1SO4  ^  NasSO*  +  2HC1, 

(3)  4HC1  +  0,  ^  2H2O  +  2C1,, 

by  adding  the  three  equations  (multiplying  (2)  by  the  factor 
ita supply  the  required  acid),  we  have: 

IjMdQi  +  4H,S04  +  4NaCl  -^  2MnS04  +  2Na3S04  +  4HaO  +  2Ca,. 

these  methods  the  electrolytic   seem  destined  to  become  the 
cial  processes  though,  because  of  convenience  of  laboratory 
dpul&tion,  the  oxidation  processes  will  probably  remain  as  the 
method. 


Physical  Properties,  — 

Specific  gravity,  2.49. 
Weight  of  1  l,  3.220  g. 
Solubility  in  water: 

At  0**  461  vol.  in  100. 

At  20**  C.  215  vol.  in  100. 
Critical  temperature,  146°  C. 


Boiling  point,  -33.6*  C. 
Specific  gravity  of  liquid^  1.47, 
Melting  point,  -102*0, 
Vapor  tension  at  0°  =  3.66  At* 
Molecular  weight,  72.2. 
At.  wt.,  35.46. 


CUorine  may  very  readily  be  collected  by  displacement  of  air, 

tnoc  it  so  much  heavier  than  air  (ratio  2.49  :  1).     For  this  pur- 

poae  it  is  deUvered  into  the  bottom  of  the  vessel  and  the  air  is 

displaced  upward.     On  account  of  the  relatively  high  density  of 

boUi  gases  the  rate  of  diffusion  is  alow  and  hence  there  is  not 

luffident  diffusion  to  materially  dilute  the  chlorine  if  the  rate  of 

fipqNuration  be  fairly  rapid.    The  gas  may  not  be  collected  con* 

Tttiieiitly  over  mercury  because  it  attacks  the  latter.     If  collected 

over  water  the  loss  of  gas  is  considerable  because  of  its  solubihty. 

It  may,  however,   be  collected  over  saturated  salt  solution,  in 

lilieb  it  is  much  l^s  soluble  than  in  water.     As  a  gas  it  is  green- 

Wk  yellow  in  color.     Its  odor  is  characteristic  and  unpleasant  and 

the  effect  on  the  nasal  membranes  irritating.     Inhalation  of  con- 

adefable  quantities  may  produce  fatal  effects. 

The  solution  of  chlorine  in  water  is  of  the  same  color^  odor 
and  taste  aa  the  gas  itself.    If  chlorine  be  passed  into  water  at 
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0**  C,  yellow  octohedral  cr>'stals  of  chlorine  hydrate,  CU  •  8H1O,  ut 
formed,  which  decompose  spontaneously,  even  at  0**»  when  exposed 
to  the  air  because  of  the  high  vapor  tension.  At  10°  the  vufwr 
tension  is  832  mm.  This  substance  is  of  special  interest  bec^unt 
using  it^  Faraday^  in  1823,  liquefied  chlorine,  thus  initiating  i 
series  of  experiment-s  which  have  ultimately  resulted  in  the  Uqufr 
faction  of  all  gases  and  the  denioostration  that  the  solid 
and  gaseoui^  states  are  not  inherent  properties  of  substrtn. 
a  function  of  the  temperature.  The  simple  experiment  of  Faradij 
also  illustrates  the  principles  which  have  since  proved  uniformly 
effective.  Faraday  sealed  some  chlorine  hydrate  in  a  bent  tute 
The  end  containing  the  hydrate  was  placed  in  warm  water,  while 
the  other  was  immersed  in  a  mixture  of  ice  and  salt.  (See  Fig.  M^ 
■  It  will  be  observed  that  by  thus 


increasing  the  pressure  and  low- 
ering the  temperature  the  pB 
becomes  condensed  to  liquid 
form.  This  treatment  is  s^* 
ficient  to  liquefy  any  gas,  pro- 
vided the  lowering  of  tJie  tm- 
perature  be  sufficient  to  bring 
the  gas  beloit  the  critical  tem* 
perature.  In  terms  of  the  kinetic 
molecular  hypotheais,  the  ex* 
J.JO  34_  planation    is   that   by   lowering 

the  temperature  of  any  gas  the 
rate  of  motion  of  the  molecules  is  decreased  and  hence  the 
violence  of  their  impacts  lessens  and  consequently,  if  kept  at  ft 
constant  pressure,  the  molecules  are  brought  closer  together. 

When  either  by  lowering  the  temperature  or  by  increaae  of 
pressure,  the  molecules  are  approached  sufficiently  dose  to  eidi 
other  so  that  cohesion,  whatever  that  is,  becomes  effective,  we 
have  liquefaction.  It  will  be  seen  that,  however  closely  gas  pa^ 
tides  are  brought  together,  if  their  rate  of  motion  is  very  great 
the  violence  of  impact  against  each  other  prevents  cohesioR. 
Hence  for  every  gas  there  is  a  temperature,  called  the  critical 
temperature,  to  which  it  is  necessary  to  cool  a  gas  so  that  with 
suflBcient  pressure,  the  critical  pressiu-e,  it  will  Uquefy.  Tlui 
is  found  to  be,  as  we  have  noted,  —  U8*  for  oxygen;  —231**  for 
hydrogen;  374®  for  water  and  lA^^  for  chlorine.  If  a  gas  is  above 
the  critical  temperature  no  pressure  is  apparently  sufficient  to 
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liquefaction,  even  though  the  coneentratioi],  i.e.^  the  specific 
vity,  be  made  greater  than  that  of  the  liquid.  In  terms  of  the 
by  again  the  rate  of  motion,  a  function  of  the  temperature, 
gnat  that  the  molecules  may  not  cohere  to  the  degree  char- 
ttic  of  the  liquid  state.  The  student  should  carefully  dis- 
h  between  fact  and  fiction  in  the  foregoing  statements. 
In  the  table  of  physical  properties  the  molecular  weight  is  given 
;  while  twice  the  atomic  weight  would  call  for  an  adjusted 
weight  of  70.92-  The  explanation  of  the  discrepancy 
li  found  in  terms  of  the  kinetic  hypothesis  as  follows:  22.4  L  of 
chlorine  at  0®  and  760  mm.  pressure  weigh  72.2  grams,  while  if  chlo- 
nue  *'  obeyed  *'  Boyle's  and  Charles'  law  perfectly  the  weight  should 
be  70.92  grama.  That  is,  22.4 1.  of  chlorine  contain  more  moleculea 
than  22.4  1.  of  oxygen  under  the  same  conditions.  Such  should  be 
Ihicaae  did  the  molecules  of  chlorine  exert  an  appreciable  attraction 
lor  each  other.  That  they  do  so  with  sufficient  increase  of  concen- 
iriUon  is  shown  by  liquefaction  at  sufficient  pressure.  The  prin- 
ciple of  eontinuity  would  not  lead  us  to  expect  an  abrupt  cessation 
of  this  attractive  effect  as  the  pressure  becomes  less.  We,  therefore, 
idl  use  the  general  statement  of  Avogadro  with  the  modification 
dkit  all  gases  are  of  approximately  equal  molecular  concentration 
Oder  like  conditions,  particularly  since  it  is  possible  to  account 
hr  and  indeed  calculate  the  variations  by  use  of  van  der  Waal's 
«|iiaUoD  (see  texts  on  Physical  Chemistry), 

Gh#mJCiiJ  Properties  of  Chlorine.  —  The  chemical  behavior 
rfdAofiDe  may  be  conveniently  considered  under  two  heads. 

L  Direct  Unioa  with  Elements  and  Compounds*  —  We  have 
ilreidy  considered  indirectly  the  union  of  chlorine  with  water  to 
farm  chlorine  hydrate,  CU  •  SHjO.  This  union  takes  place  at  0** 
i&d  the  compound  is  unstable  at  and  above  that  temperature. 
8bce  in  terms  of  the  valence  hypothesis  we  ordinarily  consider  oxy- 
im  is  bivalent  and  hydrogen  as  univalent,  we  have  in  water  a 
WKnpound  which  is  saturated  and  so  content  ourselves  with  not 
attempting  to  express  the  valence  relation  between  the  chlorine  and 
the  water  in  this,  as  well  as  in  other  hydrates. 
^tth  carbon  monoxide,  chlorine,  in  the  sunlight,  unites  tb  form 
ily  liquefiable  gas  called  phosgene,  COCIj  (b.  p.  8**  C.)»  This 
ace  has  played  a  considerable  part  in  the  development  of 
1  chemistry. 
With  other  elements  chlorine  unites  with  varying  ease  to  form 


I 
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chlorides.     The  most  important  of  these  is  hydrogen  chloride^  whicl 
in  solution  is  known  as  hydrochloric  acid  (g.r.)» 

If  chlorine  be  heated  with  phosphorus,  sidf ur,  sodium,  potaaaium, 
etc.,  chlorides  are  formed  and  the  physical  phenomena  of  heat  and 
light  accompanying  the  reaction  are  very  similar  to  those  observed 
with  oxygen.  Hence  we  say  these  substances  burn  in  chlorine. 
With  certain  other  elements,  such  as  oxygen,  carbon,  nitrogen,  etc., 
chlorine  will  not  unite  directly  by  heating  the  substances  together, 
but  by  indirect  methods  the  chlorides  may  be  prepared  and  l» 
of  varying,  though  usually  slight,  stability*  Some  of  these 
be  considered  shortly.  Chlorides,  however  formed,  may  be 
sidered  as  of  two  types,  those  which  are  decomposed  by  vmi 
furnishing  hydrochloric  acid  and  the  acid  of  the  other  element,  and 
those  not  so  affected.  An  example  of  the  first  type  is  furnished 
by  phosphorus  trichloride,  which  reacts  with  water  according  to 
the  equation: 

PCI,  +  3H,0  ^  P(0H)8  +  3HC1. 

This  sort  of  reaction  is  known  as  hydrolysis  and  will  be  mor^ 
fully  discussed  later  (p.  182).  The  speed  and  extent  of  such 
decompositions  vary  with  the  chloride  employed.  There  is  an^ 
other  distinct  type  of  chloride  in  which  no  appreciable  doubh 
decomposition  of  this  character  occurs.  An  example  is  fumishec 
by  common  salt,  NaCl  The  behavior  of  phosphorus  trichlorid 
and  water  is  characteristic  of  a  class  called  non-metallic  chlorides 
while  chlorides  which  act  in  water  as  does  common  salt  are  knowi 
as  metallic  chlorides.  There  are  individual  chlorides,  of  course 
which  react  so  slowly  or  so  slightly  with  water  as  to  render  thei 
classification  as  met^c  or  non-metallic  doubtful. 

2.  Substitution  and  Displacement* —  Chlorine  also  is  able  ta 
displace  other  elements  from  compounds.  This  mode  of  behavior 
is  of  great  importance  because  of  both  its  practical  and  6cientifii| 
value.  If,  for  example,  chlorine  is  passed  into  a  solution  of  potaa^ 
aium  iodide  we  obtain  potassium  chloride  and  iodine.  J 

2KI  +  Cl2^2KCl  +  Ii. 

Another  example  is  furnished  by  turpentine,  CioHi«i  wbicbj 
warmed,  reacta  violently  as  indicated: 

CiaHifi  +  8Cli  -^  IOC  +  16HCI 

Very  frequently,  especially  with  hydrogen  compounds,  the 

placement  by  chlorine  may  be  regulated  so  that  it  will  take  placd 
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I  such  that  the  result  ia  two  compounds  containing  chlorine, 

CH4  +  Cli  -^  CH4CI  +  HCl. 

!  reaction  takes  place  slowly  in  the  sunlight^  but  if  continued 
[itly  will  ultimately  give  carbon  tetrachloride,  CCLi. 

CH4  +  4Cl,-^CCl4  +  4HCl. 

This  Idnd  of  displacement  by  chlorine  is  sometimes  called  substi* 
tution,  and  examples  of  it  have  had  very  important  influence  in 
the  history  of  the  development  of  organic  chemistry.  A  very 
nqwrtant  example  is  furnished  by  water  and  chlorine.  Some  of 
die  ehlorine  reacts  by  substitution  with  the  water  according  to 
the  equatioD : 

HiO  +  Clj  -*  HCl  +  HCIO. 

\  reaction  does  not  go  very  far  in  the  direction  indicated  by  the 
and  but  small  quantities  of  hydrochloric  acid  (HCl)  and 
bypochlorouB  acid  (HCIO)  are  formed  because  the  reaction  is 
Twersible  Uke  that  of  hydrogen  and  iron  oxide*  (See  p.  67.)  This 
opens  up  a  very  important  question  —  that  of  equihbrium  —  which 
I  discussed  in  the  next  chapter.  If  the  water  and  chlorine  are 
in  the  sunUght  the  hypochlorous  acid  decomposes,  giving 
rgen: 

2HaO-^2HCl  +  0,. 

The  instabiUty  of  hypochlorous  acid  will  be  more  fully  discussed 
liter,  but  must  be  mentioned  here  because  it  is  the  reason  for  one 
ol  the  most  important  uses  of  chlorine,  that  of  bleaching  (g.t?.) 
[(p.  193). 

It  will  be  noted  from  the  previous  discussion  that  chlorine  is 
Ml  extremely  active  element  chemicaUy.  Indeed^  at  least  at  ordi- 
nary temperature,  it  is  more  active  than  oxygen.  Yet  a  point  not 
meDtioned  previously  ought  not  to  be  omitted.  Carefully  dried 
iibita&ees  react  very  slowly,  or  perhaps  not  at  all,  with  carefully 
<iri(d  chlorine.  This  is  of  interest  because  chlorine,  if  moist,  at- 
taeb  iron  vigorously,  but  dry  Uquid  chlorine  may  be  kept  indefi- 
oiteiy  in  the  iron  cylinders  of  commerce. 

Vnm  of  Chlorine. — Chlorine  finds  extensive  technical  appli* 
i  18  a  bleaching  agent,  as  a  disinfectant,  as  a  deodorant,  and 
HailaHargjcal  operations.     As  a  bleaching  agent  its  value  lies  in 
I  fonnation  of  hypochlorous  acid  when  dissolved  in  water  and 
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its  action  in  this  connection  will  be  discussed  in  connection  wil 
that  acid  (gj/J.  It  owes  its  value,  both  as  a  disinfectant  aorf' 
deodorant,  to  its  activity  as  a  substituting  agent,  when  used  with 
hydrogen  compounds.  The  protoplasm,  of  which  bacteria  almott 
wholly  consist,  is  so  rendered  solid  and  incapable  of  motion.  Odor- 
iferous substances  are  usually  easily  oxidizable  substanceSi  aod 
consequently  deodorization  may  be  produced  not  only  by  sub- 
stitution^ forming  odorless  substances,  but  by  oxidation.  The  use 
of  chlorine  in  metallurgy  is  ordinarily  due  to  the  formation  d 
soluble  chlorides  by  union  of  the  metal  with  chlorine.  The  most 
important  chlorination  process  is  concerned  with  gold  extraction 
{q.Vs).  Chlorine  is  also  used  in  various  manufacturing  operation, 
such  as  the  preparation  of  bromine  (qM.).  Chlorine  has  recently 
found  a  new  use;  in  warfare  as  a  suffocating  gas.  (See  History 
of  the  World  War.) 

Compounds  of  Chiorine.  - —  The  compounds  of  chlorine  are 
extremely  important  from  various  standpoints  and  many  are  of 
large  technical  application.  The  discussion  of  various  cla^sses  will 
be  taken  up  in  other  connections,  and  the  present  discussion  con- 
fined to  chlorides.  Of  the  chlorides  the  one  from  which  all  the 
others  may  be  considered  as  derived  is  hydrogen  chloride.  Its 
importance  is  such  that  the  discussion  wHl  be  in  considerable  detail. 

Hydro€hik>ric  Acm 

The  substance  is  not  found  free  in  nature  except  under  very 
unusual  circumstances.  It  is  reported  as  occurring  in  the  water 
from  various  volcanic  regions  and  also  occurs  in  the  gastric  juices 
of  animals  t^o  about  0.1  per  cent.  Its  compounds  with  metaki 
chlorides,  are  very  abundant  and  from  these  it  is  obtained, 
preparation.) 

Hiatory*  —  Hydrochloric  acid  in  solution  in  water  seems  to  ha^'e 
been  known  to  the  Arabian  alchemists,  as  shown  by  the  writings 
of  Geber,  but  under  the  name  "  spirit  of  salt "  is  first  described  by 
Basil  Valentine  (1644),  who  appears  to  have  made  it  by  distilling 
salt  and  green  vitriol.  In  1648  its  preparation  by  the  action  of 
sulfuric  acid  on  salt  was  described  by  the  alchemist,  Glauber; 
hence  the  name  Glauber's  salt  for  the  other  product,  sodium  sulfate. 
Priestley,  the  discoverer  of  oxygen,  first  collected  the  gas,  which 
he  called  ''  marine*acid  air/'  over  mercury.     The  solution  in  wi 
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i  aUed  muriatic  acid,  a  name  by  which  it  is  still  known  com- 

ly,  because  of  its  preparation  from  sea  salt  (sal  muriaa). 

j  was  of  little  value,  i.e.,  its  uses  were  but  slightly  developed, 

the  dificoimry  of  the  LeBlanc  Soda  Process  (q.v.)  made  ita 

yn  extremely  cheap,  since  it  was  a  by-product.     Indeed, 

TBJB  allowed  to  escape  as  a  waste  product  until  collection 

I  umler  was  required  by  law  as  an  abatement  of  a  nuisance.     The 

ity  of  disposing  of  this  by-product  stimulated  the  study  of 

I  and  at  present  the  original  process  (LeBlanc  Soda  Process) 

Ins  largely  by  reason  of  the  value  of  the  material  formerly  thrown 

i«iy« 


Prfporatton.  —  There  are  many  means  of  preparing  the  acid 
ftnd  they  may  be  conveniently  grouped  into  three  general  methods. 
1,  If  hydrogen  and  chlorine  are  brought  together  in  the  dark  no 

change  takes  place,  but  if  in  diffused  light  the  union  goes  on  slowly 

until  without  change  of  volume 
|tbe  conversion  into  hydrogen 
I  diloride  ifi  complete,   Ht  +  CU 

--2HC1-     If  in  direct  sunlight 

or  the  Ught   of   burning  mag- 

mum,  the  action  takes  place 

lith  extreme  rapidity  and  be- 
came of  the  high  temperature 

poduoed  (the  heat  of  reaction  is 

8,000  calOf  there  is  a   sudden 

and  large  expansion  of  volume, 

an  explosion.    If  a  jet  of  burning 

k^drogon  be  immersed  in  chlo- 

rbep  it  will  continue  to  burn, 

witfe  a  change  of  color  of  the 

Same,  and  dense  clouds  of  gase- 

om hydrochloric  acid  are  formed. 

Tke  formation  of  a  fog  is  ex- 
plained on  p.  125. 
2.  A  cheaper  method  of  mak- 

u^  the  gas  is  to  treat  a  metallic 

diiofide  with  an  acid     The  chloride  most  frequently  employed  is 

<**imoD  salt  (NaCl)  and  the  acid  used  is,  ordinarily,  sulfuric  acid. 


Fio«  35. 
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NaCl  +  HjSOi  -^  HCl  +  NaHSOi. 
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This  experiment  is  ordinarily  carried  out  using  dry  salt  and  coo- 
centrated  sulfuric  acid  (Fig.  35).  Dilute  sulfuric  acid  may  not 
be  used  if  a  large  yield  of  hydrogen  chloride  is  required,  since  tbe 
gas  is  very  soluble  in  wat-er  and  the  products  have  a  tendency  to 
react  as  indicated: 

HCl  +  NaHSOi  4^  NaCl  +  H,S04, 

This  reversibility  of  reaction  ia  frequently  encountered  and  the 
principles  involved  will  be  shortly  discussed.  (See  Chap.  VH.) 
If  a  limited  amount  of  sulfuric  acid  be  employed,  or  if  the  com- 
ponents are  warmed^  the  products  are  hydrogen  chloride  and  sodium 
sulfate,  as  indicated: 

2NaCl  +  HaS04  —  NatSOi  +  2Ha. 

Any  metallic  chloride  will  react  as  does  sodium  chloride,  but  it  is  not 
a  matter  of  indifference  which  is  employed,  even  though  no  attention 
is  paid  to  their  relative  cost.  The  rate  of  evolution  varies  with  the 
chloride  used  and  the  cause  of  the  variation  is,  in  part  at  least, 
variation  in  the  solubility  of  the  chlorides.  It  is  obvious  that 
before  action  can  occur  contact  must  be  secured  and  intimacy  of 
contact  is  a  function  of  the  solubility.  That  this  is  not  the  only 
cause  of  variation  will  later  appear.  (See  Chap.  IX,)  It  is  abo 
not  a  matter  of  indifference,  asido  from  cost,  what  acid  is  employed, 
for»  while  we  may  obtain  hydrogen  chloride  by  treating  salt  with 
phosphoric^  sulfuric  or  acetic  acids,  there  is  a  great  difference  in 
the  rates  of  evolution.  This  variation  is  due  in  part  to  a  variation 
in  what  is  known  as  the  *^  strength  ''  of  the  acids,  explained  more  in 
detail  in  Chap.  IX.  It  must  also  be  observed  that  certain  acid« 
may  not  be  employed  because  the  acid  used  and  the  hydrogen  chlo- 
ride mutually  destroy  each  other.  This  is  the  case  with  nitric 
acid-  (See  p.  127.)  Finally,  the  acid  must  be  less  volatile  than 
hydrochloric  acid,  else  no  satisfactory  completion  of  the  reaction  is 
attained.     (See  next  chapter.) 

The  student  will  observe  that  we  are  sadly  ia  need  of  the  facts  presented  to 
the  following  chapter  in  order  to  make  this  seri^  of  statenienta  fully  satisfactory. 

3.  The  acid  may  further  be  prepared  by  treatment  of  certain 
chlorides^  non-metalKc  chlorides,  or  compounds  of  similar  type, 
with  water.  (See  also  p.  81.)  This  method  is  obviously  not  of 
practical  use,  since  the  chlorides  are  more  expensive  than  the  acid, 
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but  frequently  the  process  is  carried  out  in  the  CDurse  of  operations 
required  for  other  eods.     The  acid  is  then  regarded  as  a  by-product. 
The  most  convenient  tUustratioa  is  the  decomposition  of  phos* 
I  pk>m  trichloride  with  water. 

PCU  +  3H,0  -^  P(OH),  +  3HCL 

Phymcal  Proper  ties  * — 

Specific  gravity,  1.269. 

Density  (Hi  ^  I),  18.23, 

Weight  of  I  K,  L64L 

Solubihty  in  water  0°  C,  52,500  vol.  to  100. 

Maximum  boiling  point  of  aqueous  solution,  110^  (20.24  per 

cent  HCl). 
Specific  gravity  of  aqueous  solution,  1.2  (40.00  per  cent  HCl). 
Crit.  temp.,  52** 
Boiling  pt.,  -83.7**. 
Freezing  pt., -112.5^ 
Sp.  gr.  of  Uquid,  0.908. 
Heat  of  solution,  17,400  cal. 

The  pure  hydrogen  chloride  is  a  colorless  gas  which  *' fumes" 
Btiongly  in  contact  with  moist  air.  This  appearance  of  fog  is  due 
t^  the  fact  that  with  the  moisture  of  the  air  the  gas  forma  a  solution 
which  has  a  smaller  vapor  tension  than  either  water  or  the  acid, 
and  usually  less  than  the  vapor  pressure  in  the  air  in  which  the  solu- 
tion is  formed^  hence  minute  drops  of  liquid  form  and  these  droplets 
«ie  visible. 

The  weight  of  1  I.  of  the  gas,  if  multiplied  by  the  molecular^ 
^luinep  22.4,  gives  a  molecular  weight  of  36.76,  while  the  sum  ot^H 
the  atomic  weights  of  its  constituents  (35,458  +  l.OOS)  gives  the^^ 
value,  36.466.    The  close  approximation  of  the  two  values  corre- 
ipoDdd  to  what  is  to  be  expected  from  the  kinetic  molecular  hy* 
potbeeis  which  leads  to  the  expectation  that  gases  approximate  more 
doidy  to  exact  conformity  to  Boyle's  and  Charles'  laws  when  they 
we  far  from  their  boiling  point,  which  is  in  the  case  of  hydrogen 
cUoride  -  83T  C. 

The  gas  dissolves  in  water  to  a  very  remarkable  extent.     1  cc. 
Of  water  at  0**  will  absorb  about  525  ec.  of  the  gas  (approximately 
*<*  per  cent  HQ),     At  15**  C.  the  volume  relation  is  approximately 
75  of  gia  to  I  of  water  (42.9  per  cent)*    The  specific  gravity  of 
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the  solution  varies  with  the  concentration  and  in  the  appeD< 
the  laboratory  manual  is  given  a  table  of  specific  gravities 
eponding  to  various  concentrations. 

A  concentrated  solution  of  the  gas  in  water,  if  exposed  to 
air,  loses  gas  until  a  concentration  of  approximately  20  per 
is  reached.  The  gas  so  given  off^  of  course,  fumes  in  moist 
the  reason  previously  given.  If  the  solution  be  heated  a  1 
gas  also  occurs  until  at  1  lO*'  C.  a  mixture  of  20,24  per  cent  HCl 
79,76  per  cent  H^O  is  reached.  If,  on  the  other  hand^  a 
dilute  solution  be  heated,  water  is  given  off  until  the  same  con- 
centration and  boiUng  point  is  reached.  This  relation  correspoiKb 
almost  exactly  to  the  formula  HCl  •  8H2O,  (1  :  7.98),  and  the 
question  immediately  arises  as  to  the  reason  for  discussing  this 
relation  as  a  physical  property  when  it  appears  that  so  defiiute 
and  stable  a  hydrate  is  formed,  especially  when  we  consider  also 
the  heat  of  solution  in  the  light  of  an  energy  change  accompanying 
chemical  change.  The  answer  lies  in  the  fact  that  not  only  does  | 
the  relation  vary  as  the  atmospheric  pressure  varies,  beooMUigl 
23  per  cent  HCl  at  0.066  atmosphere,  and  18  per  cent  at  2.6  atmoi^ 
pheres,  but  also  that  the  freezing  point  of  solutions  shows  do 
compound  corresponding  to  this  composition.  (See  the  pha^ 
rule,  and  also  Rupert,  Jour.  Am,  Chem.  Soc,  1911.)  The  matter 
has  been  carefully  investigated  and  the  situation  illustrates  ttej 
futility  of  attempting  a  sharp  division  between  chemical  and  pi 
cal  changes. 
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Chefnical  Properties*  *—  Hydrogen  chloride  as  a  gas  is  an  1 

tremely  stable  substance,  which  only  begins  to  dissociate  into  it* 
elements  at  1500**  C.     It  irritates  the   mucous    membrane  when 
inhaled  and  is,  under  ordinary  circumstances,  neither  combustible 
nor  a  supporter  of  combustion.     Neither  as  a  dry  gas  nor  b$  ^ 
liquid  does  it  show  the  activities  characteristic  of  its  solution  i'^ 
water.     Dry,  it  neither  reacts  with  metala  nor  in  other  ways  shows 
the  properties  associated  with  the  term  "acid*"     For  this  reason 
there  is  a  strong  tendency  on  the  part  of  chemists  to  use,  for  the  p^ 
the  term  hydrogen  chloride,  a  perfectly  correct  term,  and  to  coo* 
fine  the  name  hydrochloric  acid  to  its  solutions  in  water.    Tfai^ 
distinction  is  academic,  however,  since,  as  we  shall  see,  the  same 
distinction    holds    for   all    acids,   i.e.,   no  substance  shows  aci<l 
properties  except  in  the  presence  of  water.     (See  p.  177  et  «ag.) 
Moist  hydrochloric  acid  gas  reacts  with  many  substances^  e.gn 


K  me  very  fruitful  oypolneses,  the  ionization  hypotheaifi, 
manufaetured  in  part  for  the  purpase  of  fornishing  an 
of  the  eatal>*tic  effect  of  water,  (See  p.  185,)  For 
mt  then  we  may  content  ourselves  by  discussing  the  chief 
ftctiTities  of  tiie  subetaoce  under  two  beads. 
EtilMl  as  an  Acid.  —  Hydrogen  chloride  in  solution  in  water 
I  taste,  aflfects  the  color  of  many  substances,  such  as  litmus, 
ithalein,  cochineal,  etc*,  and  reacts  with  metals  preceding 
in  the  electromotive  series  with  varying  rapidity,  liber- 
irogen  and  forming  chlorides  of  the  metals.  It  also  reacts 
iy  ojddes,  indeed,  nearly  all  those  known  as  metallic  oxides, 
water  and  a  chloride  of  the  metal,  €,g,f 


ZnO  +  2HC1 
CuO  +  2HC1 


>  ZnClj  +  H,0, 

>  CuCli  +  HsO. 


hydroxides  of  metals  it  also  reacts  to  form  chlorides  and 

,  Fe(OH)i  +  3HC1  -^  FeCli  +  3HiO.     It  will  be  observed 

we  recognize  that  water  is  essential  to  the  progress  of  the 

tions  we  may  express  the  quantitative  relations  involved 

onng  its  presence.    The  student  should  also  recall  that 

thods  of  making  chlorides  are  available  in  addition  to  the 
discussed, 
ion  as  a  Reducing  Agent.  —  In  discussing  the  prepara- 

hlorine  we  found  one  of  the  more  frequently  employed 
Jthe  oxidation  of  hydrogen  chloride,  either  dry  or  in 
oe  oxidation  and  reduction  are  antithetic  terms,  we 
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Aqua  regia,  which  La  made  by  mixing  hydrochloric 
nitric  acid  in  the  naolecular  proportions  indicated  by  the  equation, 
therefore,  owes  its  activities  to  the  presence  of  chlorine-  (See 
p.  119.) 

Usen  of  Hydrtpchtoric  Acid*  —  The  uses  of  hydrocWor* 
are  very  varied.  The  most  important  is  the  manufact 
chlorine,  which,  in  turn^  is  extensively  used.  It  is  als* 
directly  or  indirectly  for  manufacture  of  chlorides  of  the 
which  do  not  occur  in  satisfactory  form  or  quantity  in  i 
It  is  used  to  produce  hydrogen  for  commercial  purposes, 
soldering  processes  and  countless  other  minor  operations. 

Exercises.  —  1.   When  sea  water  evaporates  what  facts 
mine  the  order  of  deposition  of  the  salts? 

2.  How  much  would  it  cost  for  materials  to  make  a  poi 
chlorine  if  the  cost  of  salt  is  2  cents  per  pound,  sulfuric  acid 
pore,  6  cents  per  pound,  and  manganese  dioxide,  60%  pure,  1 
per  pound?  Assume  that  the  impurities  of  the  reagents  are  wi 
effect  upon  each  other. 

3*  If  in  the  electrolysis  of  chlorides  in  solution  the 
'  uct«  of  reaction  are  allowed  to  interact,  what  is  formed? 
I     p.  192.) 

Explain  why  the  volume  of  chlorine  liberated  by  the 
trolysis  of  hydrochloric  acid   is  at   first  less  than   that  of 
hydrogen. 

4.   On  the  assumption  that  the  following  equations  reprt 
the  malerials  involved  in  reactions  represent  correctly  the  amoi 

I  Pb,0<  +  HCl  ^  PbCU  +  H,0  +  CI,, 

I  KiCrtOx  +  HCl  ^  KCI  +  CrCU  +  H,0  +  CU, 

H  Ca(Mn04)2  +  HCl  ±^  CaO,  +  MnCIa  +  H,0  +  CI,. 

I         5.  What  are  the  objections  to  collection  of  chlorine  over 

'     water,  (b)  mercury,  (c)  by  displacement  of  air? 

6.  Make  a  statement  of  the  fads  involved  in  the  liquefactiof 
'  chlorine  and  the  assumptions  made  in  explanation  of  the  proces 
I  7.   Write  equations  showing  the  combining  relation  of  chloi 

I     with  phosphorus,  sulfur,  sodium,  zinc,  and  carbon.     Which  of 

compounds  formed  are  exothermic? 
I  8.   By  the  use  of  reference  books  write  a  brief  discussion 

the  practical  use  of  chlorine  in  (a)  metallurgy  or  (fc)  as  a  disinfectai 
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9.  Make  equations  repreeenting  the  action  of  sulfuric  acid  on 
HHA  MgCb,  Baas,  and  AlCU. 

10.  Calculate  the  exact  formula  of  the  hydrate  of  hydrochloric 
^wlueh  boils  at  110^  composition  20.24%  HCl. 

I^IL  Make  a  complete  list  of  the  methods  available  for  making 
I   lideB  so  far  as  th^  have  been  met  in  the  laboratory  or  text- 

i   " 

2.  Catalogue  in  tabular  form  the  physical  and  chemical 

ortieB  of  chlorine  and  of  hydrochloric  aicid. 


I 
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REVERSIBLE  REACTIONS  AND  EQUILIBRIUM 

Several  reaetions  have  already  been  met  in  which,  under  pxm 
conditions,  a  certain  set  of  materials  react  to  produce  others  wbife 
at  the  same  time  the  products  of  these  reactions  are  capable  flt 
8o  reacting  as  to  produce  the  original  substances.  An  example  tf 
furnished  by  the  beha\ior  of  steam  and  iron.  This  reaction  nny 
be  expressed : 

4H2O  +  3Fe  -*  FesO*  +  4H,. 

This  reaction  takes  place  when  steam  is  passed  over  hot  iron.  B, 
however,  the  conditions  are  so  altered  that  hydrogen  is  passed 
over  heated  iron  oxide  the  course  of  the  reaction  becomes 

4Ht  +  FejO*  -*  3Fe  +  4HiO. 

Such  reactions  are  called  reversible  and  far  from  being  excep- 
tional are  quite  the  rule.  If  we  remember  that  equations  do  not 
show  the  conditions  of  reaction  we  may  express  both  reactioDi 
by  a  single  equation,  using  double  arrows  to  express  reversibility* 
Thus: 

3Fe  +  4HiO  ^  Feid  +  4H|. 

Since  ordinarily  in  performing  a  chemical  operation,  the  object 
is  to  obtain  as  much  of  a  given  substance  as  possible,  and  since 
the  vast  majority  of  operations  are  of  the  reversible  type,  it  ii 
obviously  important  to  know  what  principles  govern  this  rever* 
sibility,  and  to  know  when  the  opposing  tendencies  balance  each 
other,  that  is,  when  under  fixed  conditions  equilibrium  of  reaction 
is  reached.  It  is  the  purpose  of  this  chapter  to  make  these  poinU 
as  clear  as  may  be  with  the  assumed  degree  of  chemical  information 
of  the  reader. 

If  we  study  closely  the  reaction  jost  mentioned,  we  shall  obserre 
first  that  no  appreciable  reaction  takes  place,  in  short  intervals  of 
time  at  least,  if  steam  is  passed  over  cold  iron.  If,  however,  the 
iron  be  heated,  a  portion  of  the  steam  will  be  decomposed     Since 
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>»re  are  already  aware  that  the  effect  of  increaaed  temperature  is 
^  increase  the  speed  of  reactions,  we  may  assume  that  there  exists 
an  inherent  tendency  toward  decomposition  in  the  direction  indi- 
cated by  the  arrow  — ►,  which  tendency  is  accelerated  by  rise  of 
temperature.  It  is,  however,  obvious  that  this  explanation  is  not 
sufficient,  for  were  the  sole  cause  of  the  reaction  the  greater  affinity 
between  iron  and  oxygen  as  compared  with  hydrogen  and  oxygen, 
we  should  be  left  in  a  hopeless  quandary  in  attempting  similarly  to 
explain  the  reverse  reaction,  since  we  should  be  forced  to  assume 
in  that  case  greater  affinity  between  hydrogen  and  oxygen  than 
between  iron  and  oxygen.  We  may  observe,  when  the  reaction 
gpee  toward  the  right,  as  indicated  in  the  equation  by  the  arrow 
— >,  that  steam  is  present  in  unlimited  quantities,  and  any  steam 
which  is  decomposed  is  constantly  replaced  from  the  boiler,  while 
any  hydrogen  produced  is  immediately  removed  from  any  possible 
contact  with  the  iron  oxide  already  formed.  It  may  well  be  then 
that  the  direction  of  the  reaction  is  influenced  by  relative  con- 

trations  of  steam  and  hydrogen,  and  when  that  of  the  latter 
aero  the  reaction  proceeds  smoothly  in  the  direction  — »,  This 
line  of  thought  is  supported  by  the  consideration  of  conditions 
necessary  for  the  reaction  in  the  reverse  direction,  indicated  by 
the  arrow  pointing  to  the  left  (<— ).  Here  we  have  an  unlimited 
supply  of  hydrogen  constantly  replaced,  while  the  steam  formed  is 
removed  as  rapidly  as  it  is  produced.  Granted  then  a  tendency 
to  react  between  iron  and  oxygen  and  between  hydrogen  and  oxy- 
gen, the  ralB  of  which  reactions  may  be  influenced  by  changes  in 
temperature,  it  seems  clear  that  the  direction  in  which  readian  takes 
place  is  deiermined  by  the  relative  concentrations  of  the  reacting  mate' 
riaU.  This  oonclusion  is  confirmed  by  the  study  of  all  the  reversi* 
ble  reactions  we  have  encountered. 

A  few  examples  may  be  cited,  and  in  subsequent  study  the 
reader  is  urged  to  look  for  similar  cases,  since  the  principle  is  of 
vast  importance  and  of  perfectly  general  application*  In  the  case 
of  the  reaction  between  chlorine  and  water, 


I 

^■oen' 


H,0  +  CI.  ^  HCl  +  HCIO  i^  2HC1  +  0, 


when  we  adjust  conditions  so  that  the  hypochlorous  acid  is  de- 
composed  as  fast  as  formed,  i,e,,  by  placing  the  apparatus  in 
bright  hght,  the  concentration  of  the  latter  is  kept  constantly  at 
practically  zero,  while  the  concentration  of  the  chlorine,  however 
small,  is  relatively  greater.     The  result,  therefore,  of  exposing  a 


I 
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fioluiion  of  chlorine  to  the  sunlight  is  the  decomposition  of  watif* 
In  this  case,  the  inSuenee  affecting  the  speed  of  the  reaction  is 
the  effect  of  sunlight  upon  the  stability  of  hypochlorous  acid* 
When  we  bring  oxygen  and  hydrochloric  acid  together  under  the 
conditions  of  Deacon's  process^  the  reverse  action  takes  place; 
and  in  this  case  the  speed  of  reaction  is  brought  up  to  a  de^rabie 
rate  by  the  rise  of  temperature,  coupled  with  the  catalytic  effect 
of  the  presence  of  copper  salts*     In  Deacon's  process  the  con- 
centration of  the  chlorine  and  steam  are,  at  the  point  where  rapid 
reaction  takes  place,  kept  at  a  minimum,  since  they  are  continu- 
ously removed  by  the  incoming  flow  of  air  and  hydrogen  chloride* 
Another  example  is  furnished  by  the  reaction  between  salt  and 
sulfuric  acid,  which  may  be  written  reversibly: 

NaCl  +  H,SOi  ^  NaHSO*  +  HCl, 

If  the  conditions  are  such  that  bb  fast  as  any  hydrogen  chloride  if 
produced,  it  is  removed  from  any  probable  contact  with  the  so- 
dium hydrogen  sulfate,  which  is  also  formed,  there  can  be  no 
opportunity  for  reaction  in  the  reverse  direction.  These  con- 
ditions are  obtained  when  we  treat  the  dry  salt  with  concentrated 
acid.  (Fig*  36.)  In  this  case,  the  reaction  proceeds  at  a  reason- 
able rate  at  the  ordinary  tem- 
perature* If,  on  the  other  hand, 
we  take  sodium  hydrogen  sulfate 
of  large  concentration,  i.e.,  a  satu- 
rated solution,  and  introduce  hy- 
drogen chloride  under  pressurep 
we  favor  the  tendency  to  react  as 
indicated  by  the  reverse  arrow, 
<— •  The  necessary  result  is  the 
formation  of  some  salt  and  sul- 
furic acid.  If  sufficient  salt  is 
fonned  to  exceed  its  solubility, 
the  precipitation  favors  the  re- 
verse action,  since,  by  the  kinetic 
hypothesis,  it  is  to  be  expected 
that  opportunity  of  reaction  be- 
Pia,34s,  tween  a  solid  substance  and  a 

liquid  is  less  than  when  both  are 
in  a  liquid  state.  Other  examples  of  reversibility  already  encoun- 
tered might  be  cited,  but  sufficient  has  been  said  to  make  clear 


i 
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be  principles  involved^  and  the  student  is,  perhaps,  eager  to  learn 
rhat  occurs  when  the  products  of  a  reaction  are  not  removed  and 
ftveree  tendencies  are  present.  We  must  hasten  to  gratify  this 
re,  but  not  before  remarking  that  it  should  be  clear  that  to 
luce  as  complete  reaction  in  a  given  direction  as  possible  the 
srator  must  study  the  conditions  tending  to  produce  the  re- 
moval from  the  field  of  operations  of  one  or  more  of  the  products^ 
KB  rapidly  and  as  completely  as  may  be, 
EquiUbrium* — ^  When  the  products  of  a  reversible  reaction  are 
ot  removed  from  contact  with  each  other  a  few  moments  con- 
sideration makes  it  evident  that  the  rapidity  of  the  reverse  action 
increases,  while  the  direct  reaction  diminishes  in  rate,  since  as  we 
have  seen,  the  rate,  other  things  being  equal,  depends  upon  con- 
centration.  This,  of  course,  assumes  that  no  new  addition  of 
oiigina]  materials  keeps  up  the  supply,  and  no  removal  of  mate- 
rial formed  diminishes  the  rate  of  reversal  It  follows,  then,  that 
at  some  point  the  rates  of  reaction  are  equal  and  the  considera- 
tions brought  out  by  the  kinetic  hypothesis  lead  to  the  conclusion 
that  no  change  will  be  observed  as  taking  place*  Tkis  condition 
is  known  as  equilibrium  of  reaction. 

We  find  it  convenient  to  distinguish  two  sorts  of  equilibrium. 
One,  in  which  all  the  factors  form  a  homogeneous  mixture  and  are, 
therefore,  in  the  same  physical  state,  i\e*,  all  gaseous,  all  liquid  or 
all  solid,  is  spoken  of  as  an  homogenemis  equilibrium.  The  other, 
in  which  one,  or  more,  of  the  components  exists  in  more  than 
one  state  is  an  hderogenemis  equilibrium.  All  the  components  of 
either  sort  of  equilibrium  taken  together  are  known  as  a  system. 
An  example  of  an  equilibrium  system  will  perhaps  make  all  this 
clear.  If  we  place  chry  hydrogen  and  dry  nitrogen  in  a  eudiome* 
ter,  making  the  relative  volumes  3  : 1,  they  may  unite  to  form 
onia* 

N,  +  3Hi^2NH,. 

The  rate  of  combination  at  room  temperature  is  however  infinitely 
slow.  If  we  pass  electric  sparlpg  through  the  gases  the  reaction 
takes  place  at  measurable  speed  though  still  somewhat  slowly. 
(See  Fig,  37.)  The  sparking  may,  however,  be  continued  until 
no  further  change  of  volume  takes  place.  If  the  reaction  were 
complete  we  ought  to  obtain  from  four  volumes  of  the  mixed  gases 
two  volumes  of  ammoniai  but  such  is  not  the  case.    In  a  given 
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experiment  we  may  find  a  change  from  24.1  ce.  to  23.86  cc.  H,a 
the  other  hand,  we  spark  dry  ammonia  under  the  same  conditios 
we  obtain  an  increase  in  volume^  and  indeed  an  expao^on  &M 
12.05  ce.  to  23.86  cc.  We  have  then  a  reversible  syBtem  oODfliI' 
ing  of  the  gases,  nitrogen,  hydrogen,  and  ammonia,  a  homogeoen 
system  in  equilibrium,  when  continued  sparking  produces  no 

in  volume.    It  is  apparent,  in  tennt 
the  kinetic  hypothesis,  that  the  rate  <t 
change  from  nitrogen  and   hydrogen  to 
ammonia  produced   by  sparking  dimi^ 
ishes,  and  that  the  rate  of  deeompositioa 
of  ammonia  molecules  under  the  same 
conditions  increases  as  the  number  avail* 
able  diminish  or  increase.     No  change  i& 
the   relative   numbers   will   be  apparent 
when  these  rates  are  equal,  though  tbt 
individual    molecules   may  be    cban^ng 
partners  at  ever  so  great  a  speed.     When 
equilibrium  in  this  system  is  established 
it   may  be  disturbed   and   the   reactioo 
caused  to  proceed  in  one  or  other  direo* 
tion  by  change  of  concentration  of  one  of 
the  factors,  e.g.,  we  may  introduce  a  little 
sulfuric  acid  into  the  eudiometer;  am- 
monia unites  at  once  with  the  acid,  and 
BO  is   removed  from  the  system.     The 
formation  of  ammonia  by  sparking  is  no 
longer  counterbalanced  by  decomposition,  hence  continued  sparking 
results  in  the  complete  conversion  of  all  the  nitrogen  and  hydrogen 
into  ammonia. 

Another  e?cample  of  homogeneous  equilibrium  will  be  particu- 
larly appreciated  because  the  color  effects  render  the  situation 
visually  apparent.  Ferric  chloride  (FeCU)  and  ammonium  sulfo* 
cyanate  (NHiCNS)  react  when  in  solution  to  form  ferric  sulfo- 
cyanate  and  ammonium  chloride,  and  the  former  is  blood  red  in 
color.  If  we  mix  dilute  solutions  of  the  first  two  substances  in 
equivalent  amounts,  we  may  express  the  change  reversibly: 

FeCIi  +  3NH4CNS  ^  Fe(CNS)j  +  3NH4CI. 

Since  the  materials  are  all  soluble*  we  have  a  homogeneous  system. 
That  the  prinuiple0  we  have  outlined   hold   may   be   shown   by 
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[liiTidiiig  the  solution  into  several  parts.     If  to  one  we  add  some 
Doentmied  solution  of  ferric  ,chloride,  thus  increasing  the  concen- 
ftiation,  the  color  deepens^  showing  that  increased  formation  of 
|Fe(CNS)i  has  taken  place;    addition  of  concentrated  ammonium 
[focyanate  to  a  second  portion  also  deepens  the  color,  while  ad- 
lition  of  concentrated  ammonium  chloride  diminishes  the  color* 
s  Btudent  should  appreciate  the  fact  that  the  deeper  color  denotes 
i  presence  of  excess  molecules  of  ferric  chloride  and  of  ammonium 
itte  only  because  the  addition  of  each  causes  the  same 


Law  af  Homogeneous  Equilihriutn*  —  We  may  obtain  a 
mathematical  expression  of  the  relation  between  concentration 
and  the  point  of  equilibrium  in  homogeneous  systems  very  simply 
mIoUows:     Consider  the  general  reaction  of  the  type 

A  +B^C  +  D, 

%thae  the  components  form  a  reversible  reaction  and  are  present 
in  bomogeneous  mixture.  At  any  given  constant  temperature,  the 
of  reaction  of  A  upon  B  depends  upon  their  nature  {i.e., 
the  driving  force  of  all  reactions,  ordinarily  called  affinity, 
and  which  is  constant  when  the  temperature  is  constant),  and  upon 
the  ooDoentration,  Concentration  is  ordinarily  expressed  in  terms 
of  moies  per  liter.  If,  then,  we  have  one  mole  of  A  and  one  of  B 
per  liter,  the  rate  of  reaction  (F)  at  a  given  instant  may  be  expressed 
I  F  =  f^  where  F  is  the  affinity  constant.  That  is,  the  conceatra- 
I  lioci  m  unity.  If^  however,  the  concentration  of  A  is  Ci  and  of  B 
UC^,  then 

■  y  =  c,  X  Ct  X  F. 

Similarly,  if  we  consider  C  and  Z),  the  velocity  of  their  reaction  in 
ibe  opposite  direction  (V)  is  expressed  F'  =  Cj  X  C*  X  F\  where 
C§  and  Ci  represent  the  concentrations  of  C  and  D  respectively 
and  P  the  affinity  constant  of  C  and  D.  When  equihbrium 
V  ^  V,  and  consequently  Ci  X  C,  X  F  ^  Ca  X  C4  X  F%  or 


isalure  of  the  substances  as  affecting  each  other,  their  mutual 


Ci  X  Ci 


EL 
f' 
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affinities,  remaining  the  same  at  a  fixed  temperature^  we  may  suhsth 
tute  for  the  ratio  —  the  constant  K  and  have  the  expression 


C,  XC4 


-X. 


This  is  the  fundamental  law  of  chemical  equilibrium.     It  is  evident 
that  if  we  have  a  reaction  3A  +  B  ^  C  +  D,  we  may  writ€  it 
A+A+A+B^^C  +  Df  and,  foUowing  the  same  manner  of  deri- 
vation as  above,  obtain: 
L  Ci«  X  Ct 


Cz  XCi 


^K. 


This  relation  expressed  in  words  is:  The  point  of  equilibritsm  0/ a 
balance  action  in  a  komogenmus  ^stem  depends  upon  the  ratio  of  th$ 
products  of  the  concentrcUions  of  the  substances  reading  in  one  direction  to 
(he  product  of  the  c-onceniraiions  in  the  other  direction,  and  upon  the  affile 
ities  of  the  subsianceSt  the  latter  being  a  constarU  ai  a  fixed  iemperaturt. 

Heterogeneous  EquiUbrium. — When  we  have  a  system 
which  is  not  homogeneous  some  modification  of  the  above  law  10 
involved.  For  example,  if  we  consider  the  saturated  solution  of 
sodium  chloride  with  an  excess  of  solid  chloride  in  equilibrium 
with  the  other  components  of  the  system  the  reaction  may  be  ex- 
pressed as  follows: 

NaCl  ^  NaCl  +  H,SOi  ^  NaHSOi  +  HCL 
■  solid       aolution  in  solution 

First  let  us  suppose  the  system  not  in  equilibrium  and  consider  only 
the  relation  between  the  solid  and  dissolved  chloride.  If  C  expresses 
the  concentration  of  sodium  chloride  as  a  sohd,  and  C"  that  of  th© 
solution,  the  rate  of  solution  may  be  expressed  by  F  —  C'K,  and 
rate  of  precipitation  V*  =  C'^K\  where  K  and  K'  represent  the 
dencies  of  salt  to  go  into  and  out  of  solution  respectively.  When 
there  is  no  reaction  apparent,  t\6.,  equilibrium,  then  V  =  V\  or 

C'K  =  C"K',  or  ^  -  §^,  and  coneequently  ^  =  K".    Expreiwed 

in  words:  The  point  of  equilibrium  in  a  heterogeneous  system  depends 
upon  the  nature  of  ike  substances,  a  fixed  value  at  a  given  tempercUure^ 
and  the  ratio  of  Oieir  concentrations. 

We  have  already  had  several  illustrations  of  this  law.  For 
example,  the  concentration  of  a  solid  is  its  specific  gravity,  which 
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most  compounds  is  a  fixed  value.    The  solubility  of  a  solid 

I  a  solvent  is  then  a  fixed  value  at  a  given  temperature.    Again, 

ooDceolTation  of  gases  is  a  functioo  of  their  pressure.     The 

of  gases  is  then  also  a  function  of  the  pressure.     (Sea 

'a  law.)     Again*  in  Brin*s  process,  when  equilibrium  at  700° 

in  the  reaction, 

2BaO  +  0|  ^  2BaO,, 

IJBie  concentration  of  oxygen  is  diminished  by  pumping,  the  re* 
must  reverse  and  oxygen  be  liberated.  The  student  will 
both  pleasure  and  profit  in  seeking  other  illustrative  cases. 


c§  Reactions*  —  The  rate  of  any  chemical  reaction 
takes  place  in  a  homogeneous  system,  at  a  constant  tempera- 
is,  as  we  have  seen,  proportionad  to  the  concentration  of  the 
mibstanoes  at  a  given  moment.  It  foUo^'s,  therefore,  that 
m  tlie  oonoentration  of  the  components  of  a  reaction  progressively 
fiitora,  the  speed  of  reaction  also  alters.  The  character  of  this  rela- 
'^B  variea  with  the  entrance  of  one,  two  or  more  molecules  into 
^B  reaction.  For  what  is  known  as  a  monomolecular  reaction,  of 
Ve  type  A^*B  +  C,  ibe  relation  is  expressed  by  the  equation, 

H  5=7lo&     ^' 


Id  this  equation  Ci  represents  the  original  concentration  of  A  at 
A|  hfgmning  of  the  reaction,  x  the  change  in  concentration  in  the 
^b  I,  and  S  the  velocity  constant,  t.6.,  the  velocity  of  the  reaction 
^ki  the  oonoentratton  is  unity.  The  student  will  find  but  little 
Ve  for  this  relation  in  an  elementary  course  and  is  referred  to  texts 
m  pfayacal  chemistry  for  the  derivation  of  the  equation  (see  Bige* 
hm^M  Theoretical  Chemistry,  p,  353). 

It  18  essential,  however,  for  the  student  to  observe  the  fact  that 
in  Ofdinary  reactions  the  original  concentration  Is  not  maintained. 
With  fftminiahing  concentration  the  rate  of  reaction  decre^ises. 
rVwuquBiitly  for  absolute  completion  of  a  reaction  an  infinite  time  is 
For  a  monomolecular  reaction  the  time  required  for  so- 
:  ooQiplele  reaction  (0.999  parts  of  the  original  amount)  is  ten 
teei  that  required  for  the  first  half  of  the  reaction  to  take  place 
{mt  Blgelofr's  Theoretical  Chemistry,  p.  356).  The  time  required 
hr  "eompielioiii "  of  a  monomolecular  reaction  may,  therefore,  be 
by  detenaining  the  time  required  for  fifty  per  cent  com- 
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pletion.     This  ie  the  meaning  of  the  '*  half-period  "  so  olteti  reinll  ^ 
to  in  discumona  of  radio-activity  {q,v.)  ^ 

illuMtradtfe  CaseB* — We  are  now  in  portion  to 
more  fully  the  meaning  of  some  of  the  reactions  already 
For  example,  phoBphorus  burns  more  rapidly  in  oxygen  thfta 
air,    because   the    concentration    is   five   times    greater   and 
rate  is  still  fyrther  increased  because,  since  it  bums  more  rapk 
the  ratio  of  production  to  loss  of  heat  is  greater  and  a  highff 
temperature  is  reached.     Iron   burns  in  oxygen  and  not  in 
in  a  laboratory  experiment,   because  the  kindling    tern] 
may  be  maintained  by  the  increase  of  rate  secured  by  im 
concentration,  while  in  air   under  ordinary  conditions   the 
is   too   slow.     By  excessively  high   initial  temperature,  as  in  i 
conflagration^  the  requisite  rate  may  be  maintained;  hence  stiri 
itructures   may  burn   in   air.     The   diminution  of    concentimtioi 
immediately  surrounding  a  bit  of  steel  rod  may  be  overcome  bt 
using  the  same  weight  of  steel  in  the  form  of  wool,  which  bum 
fiercely.     The  student  is  again  urged  to  seek  other  cases  illustrattfe 
of  change  in  speed  of  reaction  with  change  of  conoentration  d 
the  reacting  substances. 

The  Effect  of  Changes  of  Temperature  Upon  Equilibriufn.^ 

In  the  considerations  involved  in  the  preceding  discussion  of  equilib^ 

rium,  it  was  carefully  pointed  out  that  the  temperature  of  a  systam 

must  be  constant  in  order  that  the  conclusions  reached  be  correct 

The  reason  for  this  is  that  not  only  is  the  speed  of  reactions  affected, 

as  is  to  be  expected  by  the  kinetic  molecular  hypothesis,  by  change  of 

temperaturei  but  the  affinities  of  the  reacting  subfltanees  as  wdl* 

For  example,  mercuric  oxide  at  high  temperatures  is  less  stable 

than  at  ordinary  temperature.     It  is  then  to  be  ex]>ected  that  with 

K' 
change  of  temperature  the  ratio  —  (see  p.  136)  will  changie  and, 

K 

therefore,  V  and  V*  be  affected  differently.  There  has  been  found  i 
generaliisation  which  applies  to  this  effect  of  temperature,  which 
is  known  as  van't  Iloff's  law  of  mobile  equilibrium.  It  is,  in 
(sneral  termi,  ih$  ^ed  of  incr0a$e  of  temperaiure  is  to  promote  an 
muio0iermd  reaction  and  resist  an  exothermal  one.  The  effect  of 
an  increaio  of  temperature  on  a  system  in  equilibrium  is,  there- 
fore, to  increase  thr  relntive  quantities  of  substances  which  are 
produced  by  absorpUun  of  heat  and  hence  move  the  point  of  equi* 
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Iwuzn  in  this  direction,  A  good  example  of  the  aituation  is  found 
tlie  eiiae  of  cyanogen,  an  unstable  endothermic  compoundt  pro- 
in  the  distillation  of  coal,  and  in  blast  furnaces.  Indeed, 
Ifce  geneniliiation  of  van't  Hoff  (1884)^  apparently  developed  from 
iMndty  of  the  solubility  of  salts  in  water,  is  but  a  special  case  of 
I  ■eomdiJLation  of  much  wider  application,  which  include  the 
dieets  of  change  of  concentration,  pressure,  temperature,  etc.  It 
■■a  slated  in  1888  by  Le  Chatelier  and  is  sometimes  known  as  the 
QiaoreDi  of  Le  Chatelier.  It  may  be  formulated:  Any  system  in 
ipiKbritfin,  physical  or  chemical^  when  sul^eded  to  a  gtress  moves  or 

tit  io  fpuwe  in  such  manner  as  to  undo  the  stress.     We  shall  attempt 
ktep  this  principle  well  in  the  foreground  as  we  proceed. 

Th€  Effect  of  CmtalyUc  Agents  Upon  EquiUbrium,  —  The 

I  id  catalytic  agents  in  a  reaction  affects  the  rate  at  which  a 

reaeiion  takes  place,  but,  according  to  Ostwald,  cannot  pro- 

a  reaction   where   one   is   not  already   proceeding.     They, 

fore,  do  not  affect  the  relative  proportions  of  the  components 

reaction,  when  in  equilibrium,  though  clearly  the  time  r©- 

by  a  given  system  to  reach  equihbrium  is  vitally  affected. 

,  ExercieeM*  —  l.   Make  a  list  of  ten  reversible  reactions  selected 
imceding  chapters*    Write  the  equations  and  discuss  the 
under  which  the  reaction  goes  to  the  right  {—*)  and  to 
[Wt  {^). 

Write  the  equation  for  the  reaction  between  zinc  and  sul- 
add  and  explain  why  the  reaction  goes  to  completion  with 
ion  of  the  supply  of  either  the  zinc  or  sulfuric  acid. 
If  we  have  a  reversible  reaction  in  equilibrium,  discuss  all 
[ways  ID  which  the  equihbrium  may  be  disturbed. 

In  the  calcination  of  metals  explain  from  the  equilibrium 
jt  why  an  open  crucible  is  to  be  preferred  to  a  closed  cm- 
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Diittnguish  between  homogeneous  and  heterogeneous  sys* 
IDuatrate  by  equations,  equihbrium  reactions  in  each. 

Formulate  in  terms  of  the  law  of  molecular  concentrations 
Mation  of  steam  at  high  temperatures.  How  would  an 
in  pressure  displace  the  equilibrium?     Why? 

What  factors  influence  the  velocity  of  a  chemical  change? 
factors  which  are  subject  to  the  control  of  the  experimenter? 

Distinguish  between  the  terms  '* reversible"  and  "equiUb* 
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rium  *'  as  applied  to  reactions.     What  is  meant  by  the 
**  the  reaction  goes  to  completion  *'  ?    Are  complete  int 
always  non-reversible?     Illustrate  by  an  example, 

9,   How  does  an  increase  in  temperature  influence  the  foBoi-^ 
ing  equilibrium  reactions? 


(a) 

(b) 
(c) 


PCl,  +  Cl,i=^PCU. 

2HI  ^Bt  +  It. 
2BaO  +  Of  ^  2BaOi. 


10.  Id  the  reaction  between  salt  and  sulfuric  acid  how  is  tbl 
equilibrium  condition  influenced  (a)  by  increasing  concentrattoa} 
of  sulfuric  acid,  (b)  by  increasiBg  concentrations  of  hydrochkric] 
acid,  (c)  by  increasing  temperature? 

11.  Explaixt  the  completeness  of  the  change  in  the  follon 
interactions: 

P,0,  +  3H5O  -^  2H41PO4, 
AgNOs  +  KCl  ->  Aga  +  KNOi. 
FeaOi  +  4H|  ->  3Fe  +  4HsO, 

2KC10j->2KCl  +  30t.  (4] 

Which  of  these  reactions  are  reversible  and  under  what  con- 
ditions may  the  reversal  be  effected? 

12.  In  the  reaction  A  +  B  ^C  +  D^  if  the  action  of  A  upon 
B  is  exothermic,  what  is  the  effect  of  change  of  temperature  upofl 
the  point  of  equilibrium? 

13.  If  in  the  reaction  A  +  B^C  +  D  all  the  substances  ire 
gaseous  and  conform  to  the  gas  laws,  what  effect  on  the  point  of 
equilibrium  by  change  of  pressure  can  be  predicted,  temperature 
being  kept  constant? 

14.  If  we   have   the  reaction  A  +  B  ^C  +  22>,  what 
uj>on  the  point  of  equilibrium  is  produced  by  change  of  pressure, 
the  same  assumptions  being  made  as  in  problem  13? 


m  are 

int  of   « 
nature  I 


CHAPTER  VlII 

THE  HALOGEN  FAMILY 

salt,    in   mineral    form,    is    known    as   halite.     The 

compounds  of  several  elements  resemble  halit-e  in  that 

are  of  like  crjrstalline  form,   color,  etc.^  and  are  similar  in 

These  elements  are,  therefore,  known  as  halogens,  or  salt 

The  elements  are  fluorine,  chlorine,  bromine  and  iodine. 

possess  so  many  properties  in  common  that  the  resemblance 

them  to  be  called  the  "  halogen  family,"     It  is  the  pur- 

of  the  present  discussion  to  present  them  to  the  reader,  not 

^tdy,  but  in  their  relation  to  each  other,  so  that  the  recently 

knowledge  concerning  chlorine  may  both  aid  in  their 

and  be  itself  also  intensified. 

[  Occurrence*  —  None  of  the  elements  in  the  family  occur  free, 
(F)  occurs  rather  widely  distributed,  but  chiefly  in  the 
of  calcium  fluoride   (CaFj),   known   variously  as  fluorspar, 
and  blue  John.    It  is  also  found  in  considerable  masses 
cryolita   (Na«AlF6)   and   as  apatite   (Ca6(P04)aF).     The  most 
'talereBting  occurrence  of  fluorine  is  in  the  human  body^  where 
amounting  to  four  or  five  parts  per  hundred  thousand  are 
in  the  bones,  hair,  teeth,  nails,  etc. 

(Br)  is  found  mainly  in  sea  water  and  the  salts  de- 
by  its  evaporation.  The  quantity  found  in  various  salt 
and  also  the  quantity  in  mineral  water  derived  from  such 
depOttta  varies  greatly.  Only  the  richer  sources  are  utilized  for 
ite  manufacture.  The  chief  commercial  source  is  the  brines  de- 
nt^ from  the  purification  of  the  salts  from  the  Stassfurt  mines, 
tkong^  considerable  quantities  are  obtained  as  a  by-product  from 
the  manufacture  of  salt  in  America. 

lodiiie  (I)  occurs  as  sodium  iodide  (Nal)  to  the  extent  a(  from 

to  0*3  per  cent  in  the  ash  of  sea  weeds  which  was  until  rather 

aUy  the  chief  source  of  supply.     It  also  is  found  in  minute 

ities  in  sea  wat^r  and  in  various  plants  and  animals,  chiefly 

ic     Ita  presence  in  mineral  spring?  is  fairly  frequent  and 
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its  presence  in  the  thyroid  gland  of  mammals  is  of  eonsideiBli| 
physiological  significance.     At  the  present  time  most  of  the  i 
of  commerce  is  obtained  in  the  purification  of  crude  Chilt  \ 
peter  (NaNOj),  known  as  caliche,  in  which  it  occurs  as 
_  iodate  (see  iodic  acid),  NalOj. 

niatory.  —  The  story  of  the  discovery  and  isolation  of  these  de- 
ments is  one  of  the  most  interesting  in  chemistry.  Shortly  shtf 
the  publication  of  the  demonstration  of  the  elementary  nature  <l 
chlorine  in  1810  by  Davy,  a  French  soap  and  saltpeter  mantt- 
facturer,  Courtois,  heated  the  mother  Hquor  from  an  aqueom 
extract  of  kelp,  the  ash  of  seaweed,  with  sulfuric  acid.  The  violet 
vapors  that  formed  condensed  in  the  receiver  in  brilliant  bl^ck 
scales.  He  communicated  this  discovery  to  Clement  and  Dei- 
ormes,  who  in  1813  published  the  results  of  a  study  of  the  miV 
stance.  In  1814^  Gay-Lussac  published  an  investigation  in  whidi 
he  demonstrated  its  character  as  an  element  and  its  relationship 
as  a  non-oxygen  acid  forming  factor.  He  gave  the  new  elemeol 
its  name,  iodine  (from  ioSiJi  —  violet).  His  conclusions  wm 
confirmed  by  Sir  Humphry  Davy. 

The  element  bromine  was  first  isolated  by  Justus  von  Liehi|, 
but  by  him  considered  a  mixture  of  iodine  and  chlorine.  In  18% 
Balard  extracted  with  ether  a  yellow  liquid  obtained  by  treating 
the  mother  liquor  from  salt  manufacture  with  chlorine.  The  ether 
solution  eventually  yielded  a  reddish  brown  liquid,  which  proved 
to  be  an  element  closely  allied  in  properties  to  iodine  and  chlonne 
and  called,  by  reason  of  its  powerful  and  offensive  odor,  bromioe 

t(frora  i3p<!*fw>s  ^  a  stench). 
The  fact  that  sulfuric  acid  and  a  mineral  known  as  fluouBpSTi 
when  warmed  together,  produce  fumes  which  attack  glass  was  known 
at  least  as  early  as  1670,  and  in  1771  Scheele  recognized  fluorspar  aa 
the  calcium  salt  of  an  acid,  since  called  hydrofluoric  acid.  Tke 
acid  was  isolated  by  Gay-Lussac  in  1807.  In  1810,  Ampere,  he 
of  electrical  not«,  suggested  to  Davy  that  hydrochloric  acid  and 
hydrofluoric  acid  were  analogous  and  that  the  element  ch&ract^H 

Iistic  of  the  latter  should  be  named  fluorine.  Davy  himsell  lIH 
many  after  him  labored  in  vain  to  effect  its  isolation,  but  no  suc- 
cess was  attained  until  1886,  when  Moissan,  a  distinguished  French 
chemist  (popularly  known  by  reason  of  his  manufacture  of  dia- 
monds), hit  upon  the  scheme  of  electrolyzing  potassium  fluoride 
in  solution  in  liquid  hydrofluoric  acid.     (See  Fig.  38.)     The  result 
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aon  of  a  light  yellow  gas  with  all  the  properties  it 
to  posaees.     It  is  interesting  to  note  that  between 
irbeii  Ampere  wrote  his  letter  to  Davy,  and  1886  chemistry 
far  developed  that  chemists  were 
know  in  advance  of  it8  isolation 
ly  of  the  existence  of  the  element, 
ictically  aa  much  about  its  proper- 
became  known  after  \i  had  been 
xL     The    chief    single    advance 
ccmferred  this  gift  of  prophecy 
*  periodic  law  (g.vO* 

^mration*  —  Attention  was  called 
chlorine  to  three  general  methods 
tion:  (1)  heating  of  chloridesi 
sirolysis  of  chlorides,  (3)  oxidation 
rogen  chloride.  Since  the  three 
Is  under  discussion  are  similar  to 
e,  it  is  of  interest  to  note  how 
se  methods  are  applicable.  As  regards  the  first  method, 
I  more  need  be  said  than  that  it  fails  with  fluorine  by  reason 
great  activity  of  the  latter  and  is  not  used  for  iodine  and 
le  for  reasons  of  economy  solely. 

has  been  mentioned,  electrolysis  serves  for  the  preparation 

line,  provided  pains  be  taken  to  use  materials  and  apparatus 

'ecied   by  fluorine  at   the   temperature  employed.     If  an 

solution  of  a  fluoride  be  electrolyzed,  the  product  at  the 

not  fluorine,  but  oxygen,  and  if  fused  fluorides  are  em- 
Ihe  result  is  but  the  production  of  fluorides  of  the  materials 
tus  employed.     Electrolysis  of  iodides  and  bromides 
the  liberation  of  the  elements  and  would  be  employed 

manufacture  were  not  other  more  economical  or  more 

it  methods  available. 
dation  of  hydrofluoric  acid  fails  as  a  method  of  preparation 
rine  chiefly  by  reason  of  the  great  chemical  activity  of  the 
The  method  can  be  and  is  employed  for  both  iodine  and 

and  the  equations  illustrating  its  apphcation  are  analogous 
to  those  for  chlorine  and  the  conditions  are  similar,  thus: 

Br  +  3H«S0«  +  MnO,-^  2NaHS04  +  MnSO*  +  2HtO  +  Brj, 
a  +  SH^Oi  +  Mn08->  2NaHS04  +  MnSO*  +  2H,0  +  I». 


I 
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A  fourth  method  by  which  chlorine  can  be  prepared  may  001 1 
be  introduced.    If  a  chloride  such  as  sodium  chloride  be  treated  118k  1 
fluorine  the  reaction,  2NaCl  +  Fa  — >  2NaF  +  Cli,  takes  plaee  ?ejj 
rapidly.     In  a  precisely  sioiilar  manner,  if  bromides  or  iodidal 
treated  with  chlorine,  the  less  active  elements  are  liberated  andf 
method  is  the  one  employed  for  the  most  part,  at  present,  for  thil 
commercial  preparation^  e.g.f  a  stream  of  a  solution   contaioiai  I 
magnesium  bromide  is  allowed  to  trickle  down  a  tower  filled  wHk  \ 
earthenware  balls,  or  other  obstructions,  and  to  meet  sjx  i 
stream  of  chlorine  gas.     The  reaction, 

MgBr,  +  Cl,-.Mga,  +  Brt, 

takes  place  and  the  liberated  bromine  vapors  are  allowed  to  esctpi 
through  the  top  of  the  apparatus  into  a  suitable  condenser.  TV 
same  principle,  with  slight  modification,  is  employed  for  the  prep- 
aration of  iodine  from  kelp.  The  impure  iodine  is  purified  by  sub> 
limation. 

The  preparation  of  iodine  from  the  sodium  iodate,  NalOi,  in 
Chile  saltpeter  involves  a  more  complex  method  of  manufacture. 
The  mother  liquors  remaining  after  the  nitrates  are  largely  removed 
by  crystallization  are  treated  w^ith  sodium  bisulfite,  NaHSOj,  tnd 
the  following  reaction  takes  place: 

2NaIO,  +  5NaH80«  -^  SNaHSO*  +  2Na«S04  +  H,0  + 1,. 

The  solid  iodine  is  allowed  to  settle  and  is  washed  and  pressed  iDta 
blocks  and  after  drying  is  sublimed.  Sublimation  is  a  term  used  lo 
describe  the  change  of  a  substance  from  the  solid  to  the  gaseous 
state  or  from  the  gaseous  to  the  solid  form  without  the  intermediate 
liquid  form  being  produced.  The  process  is  not  at  all  uncommon. 
Frost  and  snow  are  sublimed  forms  of  water.  Sulfur  and  many 
other  substances  condense  directly  from  gaseous  to  solid  form 
when  the  gases  encounter  cold  surfaces.  The  process  is  frequently 
employed  for  purifications. 

Physical  and  Chemical  Properties,  —  A  table  of  propertiei 
of  the  halogens  is  liere  given  and  some  of  its  more  important  featlUQB 
will  be  discussed  in  the  teict. 
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formula. . 

;  weight ,  > . 

i  at  room  temper- 
lure 


ping  point 

gravity     of 


fins  point 

r  of  activity  with 
J^drogeo 

cific  beat 

biUty  at  0*  C.  in 

of  water 
ate 


F, 
19 

CU 
35.45 

Gas 

1      Light 

I     yellow 

-186** 

Greenish 
yellow 

-33.6^ 

\     131 

2.51 

-223» 

-102.0^ 
2 

Interacta 
No  hydrate 

1.49  g. 
Cl^HiO 

Bn 

79.92 

Liqtjid 

(      Reddish 

J  brown  (vapor 

(        red) 

SO-* 

(Liquid  at  0 
3.1883 
Gas 
5.62 
7.3** 

3 

J  Solid  0.08432 
\  Liquid  0.1071 

4.3  g, 

Br,10H,O 


Ii 
125  92 

Solid 

Grsyiah 

black  (vapor 
violet) 
184  •* 
Solid 
4.93 
Gas 
8.72 


^     0.05412 

0.32  g. 
No  hydrate 


The  extreme  chemical  activity  of  fluorine  renders  the  determina- 
ble of  its  density  diflScult,  but  apparently  the  molecular  weight 
^■8*    The  corresponding  value  for  bromine,  when  its  density  is 
Hbaured  at  a  temperature  below  750''  C,  is  160  and  for  iodine  is 
7&L9,    These  values^  like  that  for  chlorine,  indicate  an  atomic 
complexity  of  the  molecules  of  two.    If,  however,  the  iodine  and 
bromine  vapors  are  heated  above  750  degrees  they  expand  more 
rapidly  than  accords  with  Charles'  law  and  the  density  diminishes; 
m  that  at  1050**  C,  the  density  of  bromine  corresponds  to  a  molec- 
wdght  of  150.5  and  that  of  iodine  at  1700°  C,  has  fallen  to 
This  is  taken  to  mean  that  both  bromine  and  iodine  mole- 
,  ihe  latter  more  readilyi  are  broken  down  by  increase  of  t«m- 
into  simpler  molecules  of  one  atom  each,     A  table  for  the 
ition  values  of  iodine  is  appended. 

f  "Twiperatiire , , , 480**    BBS""    1043°     1275'    1390"    1468" 

Bpodfic  gravity  of  vapor 8.74    8.07      7.01      6.82      5.27      506 

Diwxsatioo,  percentage 0         8.6      25         60.5      66.2      73.1 

kflk  same  diseociation  takes  place  with  chlorine,  but  less  markedly. 
^Blis  tba  density,  compared  with  hydrogen  =  2,  is  but  47.3  at 
Hkf  C,  while  at  600**  C.  it  is  70.92.  Vapor  density  measurements 
^lluorine  at  high  temperatures  have  not  been  made* 

It  will  be  noted  in  the  table  that  the  atomic  weights  of  these 
I  are  fluorine  ^  19,  chlorine  35.45,  bromine  79*92,  and  iodine 
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126.92.     Theaa  values  represent  the  accepted  values  of  the  leasii 
weight  of  these  elemeots  contained  in  a  gram  molecular  weight  of  anf  J 
of  their  volatile  compounds.     Of  course,  no  one  determination  pve 
these  values  and  the  number  med  as  the  unit  combining 
may  be  and  sometimes  is  determined  indirectly.     For  exa 
the  atomic  weight  of  fluorine  was  determined  by  Dumas  (IJ 
foUows:    Pure  potassium  fluoride  treated  with  sulfuric  acid 
potassium  sulfate  in  the  ratio  of  1  :  1.4991.     We  have  then 

2KF  +  H2SO4  ^  2HF  +  KiSOi, 

and  if  we  use  the  atomic  weight  for  potasaium  39.1  and  for  su 
and  oxygen  32.07  and  16,  respectively,  we  have  the  equation 

2(39,1  +z)  :{2X  39,1)  +  32.07  +  (4  X  16)  : :  I  :  1.4991, 

and  if  we  solve  for  x  we  have  x  =  19.  Even  if  no  volatile  compouii 
of  fluorine  were  known,  this  would  be  taken  as  its  atomic  weigl 
and  no  volatile  compound  is  known  requiring  the  adoption  of 
lesser  value. 

The  four  elements  present  a  series  showing  increasing  color 
decreasing  chemical  activity,  with  increase  of  atomic  weight.  Thu 
such  related  properties  are  the  rule  among  elements  of  like  chemi 
properties  will  appear  when  the  generalization  known  as  the  periodi 
law  is  presented. 

In  the  preceding  discussion  it  should  be  apparent  to  the 
that  since  these  elements  all  form  salts  with  sodium  similar  to  coi 
mon  saltj  a  general  resemblance  in  chemical  behavior  is  to  la 
expected.  Such  is  indeed  the  case.  Like  chlorine,  all  the  element 
unite  with  hydrogen  and  the  metals  to  form  compounds,  known 
the  halides,  in  which  the  halogen  acts  as  a  univalent  elemem 
Also  all  of  them  unite  with  many  non-metals  to  form  balides  whicl 
like  the  non-metallic  chlorides,  are  decomposed  by  water  to  fori 
two  acids.  The  order  of  activity  in  these  respects  is  the  inverse 
that  of  the  atomic  weights,  iodine  being,  for  a  given  concentratiol 
least  active  (see  also  the  halogen  acids).  We  do  not  have  th 
same  beautiful  symmetry  when  we  consider  their  union  with  watai 
Bromine,  it  is  true,  unites  with  water  to  form  an  unstable  hydrati 
Brj  *  lOHjO,  but  fluorine  decomposes  water,  even  in  the  dark, 
iodine  furnishes  no  indication  of  the  formation  of  a  hydrate. 

Each  of  the  elements  is  able  to  act  on  compounds  by  display 
ment  and  a  study  of  their  relation  in  this  respect  is  both  very  in 
esting  and  instructive.     If  hydrogen  sulfide  is  passed  into  wab 
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mtiuiiDg  iodine  (see  laboratory  experiment)  the  following  reaction 
iabe  place: 

H,SH-I,-^2HI  +S. 

\  ffime  reaction  takes  place  with  any  of  the  other  halogens  and 
with  increasing  vigor  aa  the  atomic  weight  is  less.  In  turn, 
iodide  is  treated  with  bromine  the  reaction,  2KI  +  Brj  — > 
+  Ii,  takes  place,  and,  in  turn,  bromine  is  displaced  by 
and  chlorine  by  fluorine.  The  same  order  of  activity 
BMoifests  itself  in  the  behavior  of  the  elements  as  substituents  for 
j^ydrogeii  in  water,  iodine  being  so  relatively  inactive  that  it  reacts 
ritll  water^  2H)0  +  2It  — >  4HI  +  O,,  only  when  simultaneously 
Rme  rabstanoe  capable  of  utilizing  the  oxygen  is  present.  (This 
it  «s  ought  to  be  expected  from  the  law  of  equilibrium.) 

The  action  of  the  elements  upon  the  membranes  of  the  eyes^ 
ibrxmi  and  lungs  places  them  in  the  same  order.  Doubtless  were 
Inoriiie  inhaled  it  would  be  more  unpleasantly  active  than  is  chlorine. 
Brocnine  is  ordinarily  more  unpleasant  than  chlorine,  not  by  reason 
td  ita  greater  activity,  but  because  being  less  volatile  and  also  less 
mpid  in  its  rate  of  diffusion  (see  law  of  diffusion)  one  may  readily 
IjBOieounter  it  at  a  greater  concentration  than  the  more  active  chlo- 

Hl^ses  of  Halogena,  —  Fluorine  as  such  naturally  has  no  practical 
iPlriieaUoQS.    Bromine  finds  application  in  a  variety  of  ways  in 

etirgy  and  photography  and  particularly  in  chemical  industries^ 
8  dye  manufacture;  but  as  a  disinfectant  and  oxidizing  agent 
I  is  limited  in  favor  of  the  cheaper  chlorine. 
Iodine,  on  the  other  hand,  in  spite  of  its  high  coat,  finds  ex- 
toMBve  application  in  the  manufacture  of  photographic  plates,  in 
■idictne  as  a  lotion,  in  dye  manufacture,  and  the  preparation  of 
Ike  numerous  iodides  used  in  medical  practice,  e.g.,  iodoform.  It 
ibo  is  a  very  valuable  laboratory  reagent,  being  used  in  the  quanti- 
Uttve  estimation  of  many  substances. 

The  Hydrogen  Balides*  —  The  halide  compounds  of  hydrogen 
•»  both  important  and  interesting.  They  may  be  formed  in  all 
Ifcl  wmyi  diacussed  under  hydrogen  chloride  and  yet  the  modi- 
icadoos  needed  in  their  preparation  and  the  variation  in  their 
proporties  is  very  illuminating.  All  are  colorless  gases,  very  soluble 
ii  vater  and,  therefore,  fuming  strongly  in  air.  Hydrofluoric 
nd  may  be  made  by  direct  union  of  hydrogen  and  fluorinoi  the 
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rate  of  reaction  being  so  rapid,  even  in  the  dark,  that  it  is  of  explo- 
sive violence.  The  acid  may  also  be  made  by  hydrolysis  of  no& 
metallic  fiuorides,  e.g.,  SiF*  +  4H,0 -^  4HF  +  Si(OH),.  (It  « 
at  the  same  time  true  that  some  hydrofluoric  acid  unites  with 
silicon  tetrafluoride  to  form  a  stable  and  soluble  compound,  HsSiFf^ 
kBOWQ  as  hydrofluoailicic  acid.)  Practically,  however,  the  only 
method  employed  is  the  treatment  of  fluorides  with  a  less  volatile 
acid,  e.g., 

CaFi  +  HjSOi  -*  CaSOi  +  2HF, 

Since  the  hydrofluoric  acid  is  capable  of  reacting  with  glass  vi 
(vide  infra)  J  the  preparation  must  be  carried  on  in  metallic 
cast  iron  retorts  and  leaden  condensers  being  usually  employed. 
The  solution  of  the  acid  is  shipped  and  kept  in  lead,  rubber  or  prxat 
fin  bottles* 

Hydrobromic  and  hydriodic  acids  may  both  be  produced  h 
the  double  decomposition  of  their  salts  with  other  acids«  The 
conditions  essential  for  completion  of  reversible  reactions  must 
be  observed,  e.g.,  the  acid  used,  if  the  halogen  acids  are  volatilised, 
must  be  less  volatile  than  they.  Water  iu  any  considerable  qiian* 
tity  must  be  absent,  and  yet  good  contact  of  the  reacting  substances 
must  be  secured.  This  is  not  possible  except  in  a  few  cases.  A 
further  complication  also  arises.  It  will  be  recalled  that  hydrochlo- 
ric acid  can  be  oxidized,  and  chlorine  produced,  by  good  oxidmng 
agents.  If  we  refer  to  sulfuric  acid  {mde  infra),  we  see  that  in  the 
concentrated  state  it  is  marked  by  it-s  oxidizing  capacity.  If, 
then,  we  attempt  to  prepare  hydriodic  acid  or  hydrobromic  acid 
by  the  most  obvious  method,  treatment  of  the  salts  with  sulfuric 
acid,  we  find  that  the  fundamental  reaction  takes  place  as  indi* 
cated: 

KBr  +  H1SO4  -^  KHSOt  +  HBr, 
and 

Nal  +  HiSOi  ^  NaHS04  +  HI, 

but  the  halogen  acids  are  oxidized  by  sulfuric  acid  and  the  pfodi 
are  therefore  impure,  e.g.^ 

2HBr  +  HaSO*  -*  2H,0  +  Bri  +  SOi. 

If  hydriodic  acid  reacts  with  sulfuric  acid,  we  get  even  more 
tensive  reduction  of  the  latter, 

SHI  +  HjSO*  -*  4H,0  +  H,S  +  41,, 

Such   simultaneous  occurrence  of  independent  reactions 
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icommon.  The  different  reactions  are  very  likely  to  be  favored 
lually  by  change  of  conditions.     In  the  present  case  the  higher 

ae  temperature  employed  the  more  rapid  both  sorts  of  reactions 
)me;  but  the  second  sort,  the  reduction  of  the  sulfuric  acid^  is 

ae  more  increased,  so  that  while  at  ordinary  temperature  some 

[Br  and  HI  escape  undecomposed,  the  proportion  decreases  as 
the  temperature  rises*  At  low  temperatures  the  hydriodic  acid 
may  be  but  little  more  effective  as  a  reducing  agent  than  hydro- 
bromic  and  hence  not  only  may  hydrogen  sulfide  be  produced,  but 
also  sulfur  dioxide  and  sulfur.  We  may  have  the  following  inde- 
pendent reactions  which  may  be  formulated  as  follows:, 

(1)  2KI  +  HtSO*  ->  K,SOi  +  2HL 

(2)  2HI  +  HaSO*  -^  2HiO  +  S0|  +  I,, 
(8)  6HI  +  HaSOi  -*  4H3O  +  S  +  31,. 
(4)  SHI  +  H,S04  -*  4HsO  +  HjS  +  41,. 

It  is  possible,  however,  that  reaction  (3)  may  be  absent,  for  if  (2) 
and  (4)  are  operative,  sulfur  may  be  produced  by  the  reaction 
SO,  +  2HaS  -*  2H,0  +  3S.  (See  properties  of  sulfur  dioxide.)  In 
any  case  the  treatment  of  potassium  iodide  with  concentrated  acid 
may  produce  any  or  all  of  the  products  HI,  H^S,  SO2,  S^  HjO, 
I,,  and  KjSOi.  Whether  the  sulfate  or  acid  sulfate  is  produced  is 
a  question  of  the  temperature  employed  and  of  the  amount  of  acid 
with  relation  to  the  salt  used. 

It  is  possible,  of  course,  to  produce  the  acids  under  considera- 
tion from  their  salts  by  double  decomposition,  using  an  acid  not 
^^^^y  reduced,  €,g,,  phosphoric  acid,  the  reaction  being, 

^|p  2NaBr  +  H,P04  ->  NaaHPO*  +  2HBr. 

In  this  case,  both  by  reason  of  the  small  solubility  of  the  bromide, 
or  iodide,  in  phosphoric  acid  and  the  relative  inactivity  (see  Chap. 
IX)  of  phosphoric  acid,  the  reaction  is  very  slow  and  if  the  attempt 
is  made  to  secure  reasonable  speed  by  rise  of  temperature,  the  acids 
^Jecompose  due  to  heat  alone,  as 

■T  2HI  ^  H,  +  I,. 

H      Hydriodic  acid  and  hydrobromic  acid  may^  however,  be  pro* 
duced  by  the  decompoBition  of  non-metallic  halides,  even  as  is 
Jiydrochloric  acid,  e.g., 

PBr,  +  3H,0  —  3HBr  +  P(OH),, 
PI,  +  3H,0  -*  SHI  +  P(OH),. 


I 
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It  is  not  essential  to  prepare  the  halidea  of  the  non-metal  in  ad-^ 
vance,  for  they  may  be  formed  aa  used.     If,  for  example,  a  mix- 
ture of  phosphorus  and  water  be  treated  with  bromine  we  have 

2P  +  6H1O  +  3Bri  "^  2P(0H),  +  6HBr. 

The  most  convenient  method  of  preparation,  however,  is  to  make 
use  of  the  displacing  activity  of  the  halogens,  €,g.f 

H3S  +  It  -^  2HI  +  8. 

Other  substances,  as  napthalene,  CioHs,  benzene,  C«He,  etc.,  msy 
be  used,   especially  with  bromine,  to  produce  hydrogen  bromide. 


Fto.  39. 

The  question,  of  course,  arises  since  we  find  fluorine  and  chic 
oniting  with  hydrogen  to  form  the  halides  with  explosive  violence, ' 
the  former  spontaneously  and  the  latter  with  the  aid  of  the  sua* 
light,  can  we  not  form  hydrobromic  and  hydriodic  acids  ako  by 
direct  union  of  the  elements?  The  answer  is  in  the  affirmative 
A  study  of  the  conditions  involved  in  application  of  the  method 
is  extremely  profitable.  If  bromine  vapor  and  hydrogen  are 
mixed,  by  allowing  dry  hydrogen  to  bubble  through  liquid  bro- 
mine, the  two  gases  unite,  but  do  so  much  more  slowly  than  is 
the  case  under  corresponding  conditions  with  chlorine  and  hydro- 
gen. Even  in  the  sunlight  the  reaction  is  not  of  explosive  violenea 
If  the  mixture  be  ignited,  or  if  it  be  passed  over  finely  divided 
platinum,  the  reaction  proceeds  rapidly.  An  apparatus  designe 
to  illustrate  the  action  is  given  in  Fig.  39* 
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In  the  case  of  hydrogen  and  icMiiDe,  the  activity  of  the  iodine 

ao  small  that  the  rate  of  reaction  is  very  slow.     Yet  if  iodine 

ipor  and  hydrogen  are  passed  over  finely  divided  platinum  or 

^ea  through  a  hot  tube,  appreciable  quantities  of  the  iodide  are 

roduced,  but  the  greater  part  of  the  iodine  and  hydrogen  escape 

9parately.     If,  however,  we  pass  hydrogen  iodide  through  a  tube 

ider  like  conditions,  the  same  result  follows,  i.e.,  some  hydro- 

and  iodine  are  produced.     When  the  reaction  is  conducted 

a  closed  system,  e.g.,  a  sealed  tube  at  440**,  we  find  that  whether 

re  start  with  hydriodic  acid  or  with  a  mixture  of  iodine  and  hy- 

>gen  in  corresponding  quantity  the  result  is  the  same,  viz,^  80% 

HI  and  20%  H,  and  I2.     This  is  r-  typical  example  of  a  reversible 

reaction^ 

2HI  ?=i  Hi  +  I,, 

_  id  it  may  be  worth  while  to  discover  the  relative  speeds  of  the 
"two   reactions   when  equilibrium   is  reached.     The  speed  of  the 

Ieaction  at  any  instant  in  the  direction  — +  is  KCiii^.     The  speed 
H  the  direction  ♦—  is  K'C/ffi,  and  therefore  at  equilibrium: 


Ca      K 


BubBtituting  the  values  obtained  for  440^  C.  we  have^ 

64  C4C1, 


10  X  10       1 


6400 


^hi 


Therefore  HI  at  unit  concentration  at  440**  dissociates  at  A  the 
fate  at  which  iodine  and  hydrogen  combine. 


Properties  of  the  Halogen  Acids.  —  A  table  of  the  proper- 
ties of  the  acids  will  be  convenient  for  reference  and  may  be  fol- 
lowed by  discussion  of  certain  features. 


Molecular  complexity 

State  at  ordinary  temperature 

Boiling  point 

Freezing  point 

Solubility,  vol.  to  1  of  H,0, . . 

Boiling  pc^int  of  solution 

Ckymposition  of  solutioD. . 

Heat  of  formation,  saseous. . . 
Heat  of  formation,  fiquid. .... 
HeJative  activity,  approx 


H,F„  HF 

HCl 

HBr 

Gas 

Gas 

Gas 

19.5** 

-83- 

-68.5*" 

-92,3' 

-112" 

-86' 

302  (H.F,) 

525 

600 

lir 

110" 

126  ** 

43% 

20.2% 

8,lCal. 

38Cal. 

22Cal. 

49  CaL 

40Cal. 

26  Cal. 

le 

78 

89 

•  HI 
Gas 
-34- 

-5r 

425 
127° 

57% 

-eiCal. 

13.0  CaL 

90 


( 


In  several  respects  hydrofluoric  acid  offers  variation  from  iu 
related  compounds  to  a  degree  not  satisfactorily  comparable  with 
the  atomic  weight  of  fluorine.  Th^e  variations  may  perhaps 
be  ascribed  to  its  molecular  weight,  which,  if  measured  at  0**  or 
in  the  neighborhood,  has  a  value  of  51  and  decreases  until  about 
lOO**,  Its  molecules  are,  therefore,  poljrmerized  and  the  fonnuU 
may  be  HaFs,  or  HiF^,  or  mixtures  of  these  with  HF,  Above  100* 
it  consists,  like  the  other  hydrogen  haUdes,  of  simple  diatomic 
molecules.  In  aqueous  solution  the  depression  of  the  freezing 
point  iq*v.)  corresponds  to  the  formula  H2F2. 

All  the  hydrogen  halides,  like  other  gases,  liquefy  if  suflBciently 
cooled.  The  liquids,  like  the  dry  gases,  are  not  acid  in  character. 
This  phenomenon  has  been  already  met  and  requires  expIanatioiL 
A  full  'discussion  follows  in  Chapter  IX.  The  absence  of  add 
properties  of  the  dry  substances  has  led  to  the  practice  of  dis* 
tinguishing  between  the  dry  substances  and  their  solutions  in 
wat-er  by  using  the  terms  hydrogen  fluoride,  hydrogen  cUonde, 
etc»,  in  speaking  of  the  former,  (See  comment  on  page  126.)  The 
dry  substances,  whether  gaseous  or  liquid,  are  also  non-conductors 
of  the  electric  current,  while  their  aqueous  solutions  and  the  solu- 
tions of  their  salts  are  excellent  conductors.  This  difiference  also  - 
finds  explanation  in  Chapter  IX.  ■ 

The  heat  of  formation  of  the  gases  is  a  rough  measure  of  their 
stability.  The  ease  of  decomposition  is  the  inverse  of  stability 
and  the  table  readily  reveals  why  oxidation  of  the  halide  acids 
is  more  easily  accomplished  as  the  atomic  weight  of  the  halides 

increases.     The  operation 

r 


requires  the  expenditure  of 
less  energy. 

An  interesting  illustra* 
tion  of  van't  Hoff*s  law  of 
mobile  equilibrium  (g.t?,)  is 
furnished  by  hydrogen  io- 
dide. The  proportion  of 
hydrogen  iodide  decom*j 
posed  when  equilibrium 
obtained  in  a  bomogeneoi 
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system  decreases  with  rise  of  temperature  until  about  320**  is 
reached,  after  which  it  increases.  The  heat  of  formation  of  HI 
at  18**  is  -6.1  Cal  and  at  520**  it  is  +4.4  Cal.  The  change  of 
flign  occurs  at  about  320"*.    The  curve  is  shown  in  Fig.  40. 
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AH  the  hydrogen  halides  fume  strongly  in  moist  air,  due  to  their 
["combination  ''  with  water  vapor  (c/.  p.  125).  Solution  in  water 
takes  place  to  an  enormous  extent,  being  greatest  with  hydrogen 
iodide,  as  respects  weight,  and  with  hydrogen  bromide  as  respects 
volume.  This  solution  is  accompanied  by  marked  rise  of  tempera- 
ture (<rf.  heat  of  formation),  by  change  in  volume  of  the  solu- 
tionsi  and  by  marked  change  in  properties.  The  gases  are  liber- 
ated when  the  saturated  solutions  are  boiled,  but,  unlike  the  gaseous 
solutions  of  hydrogen,  oxygen,  ammonia,  etc.,  are  not  completely 
eliminated  when  the  boiling  point  of  water  is  reached.  On  the 
contrary,  if  dilute  solutions  are  boiled,  water  is  evaporated  until 
a  constant  boiling  mixture  is  obtained.  Starting  with  a  saturated 
solution,  acid  is  expelled  until  the  same  boiUng  point  and  concen* 
tration  is  reached,  F<>r  the  different  acids  the  concentrations  and 
boihng  points  correspond  to  those  given  in  the  table. 

In  spite  of  these  strong  indications  of  chemical  union  between 
water  and  the  hydrogen  halides,  the  orthodox  chemist  looks  upon 
the  solutions  as  mixtures  rather  than  compounds,  because,  in  part, 
the  properties  of  the  solutions  vary  continuously  within  wide  limits 
of  concentration.  Further,  the  solutions,  if  cooled,  at  various 
dilutions,  give  hydrates  corresponding  more  or  less  satisfactorily 
to  the  formulas,  for  hydrochloric  acid,  HCl -aHjO;  HCl'2HaO; 
HCl  •  H|0  but  none  corresponding  to  the  fonnula  HCl  •  8HaO.  (See 
pha^e  rule.)  Somewhat  similar  hydrates  of  the  other  acids  have 
been  made. 

In  truth,  it  seems  to  the  writer  that  it  were  the  part  of  wisdom, 
80  well  as  good  pedagogy,  to  admit  that  at  present  we  are  not  able 
satisfactorily  to  assign  the  hydrogen  halides  in  aqueous  solution 
to  either  category,  compound  or  mixture.  They  furnish  one  of 
the  **  missing  links  *'  between  compounds  and  mixtures. 

Uses  of  the  Acids,- —  Hydrofluoric  acid  finds  its  most  ^ctenave 
application  in  the  arts  by  reason  of  the  fact  that  it  reacts  with 
sUica  and  aihcates  to  form  a  volatile  compound.  Thus,  CaSiOs  _ 
+  6HF  ->  CaF,  +  SiF4  +  SHjO.  This  reaction  is  applied  to  etching  I 
f^BSB  for  various  purposes,  such  as  graduations  on  thennometers^ 
hydrometers,  volumetric  vessels,  etc.  The  strong  solution,  as 
wdl  as  the  gas,  is  a  very  poisonous  substance,  and  at  least  one 
tragedy  (the  death  of  the  chemist,  J,  Nickles)  and  many  painful 
bums  are  to  be  laid  at  its  door. 

Hydrobromie  acid  and  hydriodic  acid,  probably  by  reason  of 
their  relatively  high  cost,  find  little  application  in  the  arts. 
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Salts.  —  The  compoundfl  fonned  by  union  of  the  halides  with 
metals  are  called  salts  of  the  acids,  because,  however  they  are 
actually  made,  they  may  be  regarded  as  produced  by  the  action  af 
the  acids  upon  metals,  o)ddes  or  byckoxides,  ae  illustrated  by  the 
equations: 

CaO  +  2HF  -*  CaF,+  H,0, 
Zn  +  2HBr  -f  ZnBri  +  H,0, 

These  compounds  are  very  extensively  used  in  various  ways,  but 
the  necessity  of  putting  more  general  principles  at  the  command  of 
the  reader  as  expeditiously  as  may  be,  renders  it  advisable  to  post- 1 
pone  the  discussion  until  the  metal  involved  is  also  under  discussioD. 

ExercUes^  —  h   If  iodine  is  impure,  what  impurities  is  it  likely^ 
to  contain?    If  heated  with  KI  what  is  the  result  and  what  is  this 
process  of  purification  called? 

2*   How  would  you  undertake  to  prepare  pure  samples  of  byd 
fluoric^  hydrobromic  and  hydriodic  acid? 

3.  Which  methods^  other  than  electrolysis,  used  for  the  prep*1 
aration  of  iodine  are  ineffective  for  fluorine?  Discuss  each  method] 
in  detail. 

4.  When  sodium  chloride,  sodium  bromide,  and  sodium  iodide 
are  heated  separately,  explain  what  happens  and  the  differences* 
Illustrate  as  fully  as  possible  by  equations. 

5.  If  hydriodic  acid  were  being  formed  by  interaction  of  sodium 
iodide  and  sulfuric  acid,  explain  how  the  reaction  could  be  made 
flower,  stopped  or  reversed  without  separation  of  the  compyonents. 

6.  If  the  specific  gravity  of  a  given  sample  of  bromine  vapor  is 
6«2|  what  is  the  percentage  of  Brt  and  Br  molecules  present? 

7.  Calculate  the  degree  of  dissociation  of  iodine  molecules  when 
the  specific  gravity  of  the  vapor  is  6.0,  m 

8.  Look  up  the  heat  of  formation  of  the  halides  of  hydrogen  " 
and  place  the  halogens  in  the  order  of  speed  with  which  they  would 
react  as  substitutes  for  hydrogen  in  hydrogen  compounds, 

9.  Explain  why  all  the  hydrogen  halides  "  fume  *'  in  moist  air- 

10.  Explain  the  existence  of  acid  fluorides.  What  is  the  most 
refisonable  explanation  of  the  beat  of  solution  of  the  hydrogen  hal- 
ides? 

11.  Make  a  list  of  the  uses  to  which  each  of  the  elements  and 
hydrogen  halides  discussed  in  this  chapter  is  put. 
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OSMOTIC  PRESSURE  AND  IONIZATION 

If  any  soluble  substance  be  placed  at  the  bottom  of  a  cylinder 
ind  water  poured  upon  Jt»  gpradually  the  solvent  will  take  up  the 
''!>^t3nce  and,  in  the  course  of  time,  the  solute  will  be  found 
buted  throughout  the  solvent.  This  action  is  analogous  to 
N^hich  occurs  when  two  gases^  not  chemically  reactive  with 
J  I  other,  are  allowed  to  come  into  contact.  Just  as  the  gaseous 
intermingUng  may  be  ascribed  to  an  automatic  process  called 
diffusion^  so  the  process  of  solution  may  be  ascribed  to  the  auto- 
matic motion  of  the  molecules  of  the  solvent  and  solute,  and  a 
ipecial  name  applied  to  the  process.  The  name  used  for  the 
prooen  is  osmosis  (from  ^^tis  =  a  push)  and  the  force  assumed. 
le  the  cause  of  the  motion  is  called  osmotic  force*  AlsOi  just 
in  Uie  case  of  diffusion  by  introducing  a  porous  partition  betweeiil 
pmB  it  is  possible  to  show  that  diffusion  may  produce  an  increase! 
it  pRflBttre  on  one  side  of  the  partition,  so  by  introduction  of  a 
■dlibla  partition  between  the  solvent  and  the  solute  it  is  possible 
|0  produce  a  pressure  on  one  side  or  the  other  of  the  membrane. 
For  eocample,  if  a  carrot  be  scraped  to  remove  the  outer  cover  and 
&bole  be  bored  in  the  top,  filled  with  sugar,  and  stoppered  securely 
with  a  rubber  cork  carrying  a  glass  tube,  and  the  whole  immersed 
m  water^  the  water  will  pass  into  the  sugar  and  the  solution  will 
OMs  in  the  tube  to  a  height  which  produces  a  sufficient  pressure 
to  stop  the  process.  (Fig.  41,)  The  pressure  so  produced 
homn  as  '*  osmotic  pressure/'  Of  course,  with  a  fragile  ws 
Gke  that  of  a  carrot  it  is  not  possible  to  secure  an  accurate  measure 
of  this  presBure,  which  is  very  great  as  will  appear  in  the  sequel 
(tf.  p.  159),  If,  however,  a  very  strong  wall  is  prepared  by  de- 
fttiluig  a  membrane  of  copper  ferrocyanide  in  the  walls  of  a  clayj 
eii|>r  we  may  secure  a  membrane  capable  of  resisting  the  pressure, 
tad  wfaicli  at  the  same  time  seems  almost  impervious  to  the  sugar 
Figure  42  shows  an  osmotic  pressure  apparatus.  The 
is  deposited  in  the  walls  of  the  cup.  Such  membranes 
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intents.  Other  examples  are  furoished  by  the  liying  cells 
'idants,  such  as  root  hairs,  leaf  cells,  etc.,  and  by  animal  mem- 
rtneB,  such  as  the  bladder,  kidneys,  periosteum,  intestines,  etc* 
hay  of  the  processes  involved  in  animal  and  plant  metabolism 
fid  aimbolism  involve  osmotic  phenomena.  Examples  of  aemi- 
lermeable  membranes  are  rare  among  simple  compounds,  though 
»t  80  uncommon  as  is  ordinarily  supposed*  Water  itself  acts 
IB  this  manner  if  it  be  placed  in  a  thin  layer  between  chloroform 
uid  ether,  as  shown  in  Fig.  43. 

Tbe  wder  is  asked  to  recall  that  any  two  subFtaiicea  may  bear  the  relation 
tfvtnnt  mid  solute,  and  to  obaerve  that  very  rarely  ia  there  to  be  obtained  an 
mtOEiQiatdy  perfect  mi^nbrazie.  By  '^  perfect  membrane  "  ia  meant  such  an 
|m  wQk  permit  tbe  traiiamiasion  of  one  component,  qaually  called  the  Bolvent^ 
BlHiolly  pfevent  tbe  paasage  of  both  »olut«  and  8olution. 

History*  —  The  history  of  the  study  of  osmotic  proce^sses  is 
r«y  extensive  and  is  linked  with  some  of  the  most  important 
Imlopmentfi  of  chemistry.  The  literature  is  enormous  and  the 
Ment  discussion  must  be  confined  to  only  the  more  striking 
MptB.  The  phenomenon  was  first  observed  by  Abb^  Nollet 
Km.  de  TAcad.  Roy.  d'Sciences,  pp.  57-104)  in  1748,  but  was 
gotten  and  rediscovered  by  Sommering,  in  1814.  In  1855, 
'Hermite  (Ann.  de  Chimie  et  de  Physique  (3),  43,  420-431) 
biwed  the  semipermeability  of  water  between  ether  and  chloro- 
tem,  and  of  castor  oil  between  wat-er  and  alcohol,  etc.  The  first 
EDportant  step  toward  exact  measurement  was  made  in  1867^ 
Ami  Traube  {Archive  f.  Anatomie  und  Fhysiologie,  1867,  p.  87) 
the  semipermeabihty  of  copper  ferrocyanide  and  sim* 

{^precipitated  membranes. 

1877,  the  Dutch  botanist,  Pfeffer  (Osmotische  Untersuch* 
1,  Leipsig,  1877)  precipitated  such  membranes  in  the  pores 
Rlay  cups  by  filling  them  with  copper  sulfate  and  placing  them  in 
I  lolution  of  potassium  ferrocyanide.  Where  the  solutions  met 
lithin  the  cup  a  thin  film  was  deposited^  as  shown  by  the  following 

K4Fe(CN)s  +  2CuS04-»Cu,Fe(CN)«  +  2K1SO4. 

[  fcrrocyamde  of  copper  being  insoluble^  the  other  componenta 

out  by  water  and  the  cup  used  to  measure  quanti- 

of  the  osmotic  pressures  produced  by  water  with 

sototea*      From    Pfeffer's   results,    van't   Hoff,    in    1886 

far  Phys-  Chem.,  Vol.  1,  p.  1)   calculated  the  values  for 
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molar  solutions  and  deduced  bis  theory  of  solution  (i^  t;^l 
In  1887,  from  PfefFer's  results  and  the  phenomena  of  freezing  &Dd 
boiling  points  and  the  conductivity  of  certain  solutions,  Arrhemus 
deduced  the  ionization  hypothesis  (vide  infra). 

In  the  period  between  1901  and  1911,  Morse  and  co-workers, 
(Am.  Chem.  Jour,,  Vols,  25,  28,  29,  34,  36,  37,  38,  39,  40,  41,  42, 43) 
and  the  Earl  of  Berkeley  (Trans.  Roy,  Soc,  Vols.  206  and  209, 
and  Proc.  Roy.  Soc,  Vok|73,  77,  and  82,  1904-1909)  made  exact 
measurements  of  osmotic  pressures  and  established  the  quantity* 
tive  relations  on  which  the  following  discussions  are  ba^ed*  In 
1907,  L.  Kahlenberg  (Jour.  Phys.  Chem.,  VoL  7)  publifihed  afi 
investigation  designed  to  demonstrate  the  identity  of  osmotic  force 
with  the  ordinary  conception  of  chemical  affinity  and  presented 
conclusions  strongly  at  variance  with  what  may  be  considered  the 
orthodox  view. 


f:^^^-^^: 


Fia.  44. 


Osmotic  Pressures  and  BoyWs  Law,  —  The  type  of  af 
tus  suitable  for  exact  measurement  of  osmotic  pressure  is  iUi 
by  Fig.  44,     j4  is  a  porous  cup  which  contains  the  solution;   B,' 
a  manometer  for  measuring  the  pressure.     The  whole  apparatus  is 
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beraed  in  a  thermostat,  C,  so  that  a  constant  temperature  may 
With  such  an  apparatus^  using  copper  ferrocyanide   aa 
[ibranCt  deposited  in  specially  prepared  porous  cups  by  elec- 
Morse  obtained  the  following  resulta  with  cane  sugar  solu- 
water  at  0**  Centigrade: 


n. 


ni. 

GaapirBwure 
in  aUDMpli«r«, 


3.24 

4.48 

672 

8.96 

11,20 


Coaeeiiirfttioii 


II. 

Oamotic 

prawumifl 


UA2 
15.68 

mA5 

21  89 

22,45 


III. 
in  BtmiiMpbenKi. 


13.44 
15.68 
17. g2 
20  16 

22,40 


L  It  will  be  observed  that  the  osmotic  pressure  increases  with  the 
Ihcentration  of  the  solution,  and  if  we  should  represent  the  change 
HireaBure  wi  th  change  of 
Ppentration  by  means 
Va p&pht  as  in  Fig.  45, 
!get  the  curv^e  repre- 
by  the  solid  line, 
assume  that  the 
roould  be  converted 
a  gas,  and  that  it 
id  under  such  con- 
DOS  conform  exactly 
Boyle's  law,  we 
lid  get  the  values  for 
pressure,  shown 
in  cdumn  1 1 1  of  the  table 
tod  also  shown  by  the 
<totted  line.  Results  of 
t^pe  can  be  ob- 
for  other  solutes, 
V  unfortunately,  while 
general  course  is 
ar»  the  exact  values 
Seult    lo   obtain. 

ipermeable  membranes  permit  a  flow  of  solution  in  the 
I  opposite  to  that  of  the  pure  solvent  and  hence  the  results 


^ 


N 


obtained  are  the  difference  between  the  opposed  t'Cndencies.  Tb« 
relation  ig^  however,  sufficiently  close,  so  that,  taking  the  known 
sources  of  error  into  account,  even  with  the  less  accurate  data  secured 
by  Pfeffer,  van^t  Hoff  expressed  the  result  in  a  forni  to  show  the 
relation  between  Boyle's  law  for  gases  and  osmotic  pressure,  rii., 
The  pressure  caused  by  osmosis  varies  directly  as  the  conceatn* 
tion.  The  experimental  verification  of  this  law,  if  it  be  a  law,  is 
yet  impossible  because  of  various  factors,  aside  from  imperfecti; 
semipermeable  membranes,  the  extent  of  the  effects  of  which 
at  present  undetermined.  Among  these  factors  may  be  mentioned 
change  of  concentration,  due  to  formation  of  hydrates  (see  Jones' 
Solvate  Theory),  the  molecular  attraction  of  dissolved  molecules 
and  the  volume  of  the  molecules  themselves.  Assuming  the  rule  to 
hold,  however,  we  realize  that  we  are  here  dealing  with  a  tendency 
capable  of  operating  in  the  face  of  strong  opposition.  For  example, 
if  it  holds,  a  molar  solution  of  a  compound  miiy  attract  moisture 
through  a  membrane  so  powerfully  that  a  pressure  approximatiDg 
360  pounds  per  square  inch  is  required  to  prevent  the  process.  We 
are,  therefore,  able  to  understand  how  moisture  traveb  through 
tree  cells  to  any  needed  height.  (It  may  be  said  that  botanists 
are  not  agreed  to  admit  osmosis  as  the  sole  explanation  of  sap 
movements.) 


Osmotic  Pressures  and  Charles^  Law,  —  Morse  also  give* 
the  following  data  concerning  the  change  of  osmotic  pressure  of  a 
sugar  solution  with  temperature  change.  The  concentration  used 
is  a  volume  molar  solution.* 


I. 

IT. 

OwDOtie 
pntmum  in 

m. 

Gait  preaiUT^ 
in  ftimoepb«ras» 

I. 
Tampetmlure, 

n. 

Onnotio 

iu  atiiiiMjiNiP 

2445 
24.53 
25.06 

22.4 
22.S 
23.2 

16**         , 

20* 

25** 

25.42 
2ft.  12 
26.33 

2S.« 
Ml 
24.6 

*  By  "  volume  molar''  Bolutioxi  lb  meant  the  concentration  in  gram  molecular 
weig^taper  liter  of  solution;  by  ''weight  molox'^  is  meimt  the  concentratioa  in 
l^ram  molecular  wejglit^  per  liter  of  solvent.  It  will  be  noted  below  (tee  p.  161)^ 
th&t  the  cxBAii  correspondence  between  gaeeous  preamire  and  osmotic  pnman 
only  obtains  with  weight  motor  solutions;  hence  the  lack  of  cotncideooe  of  lbs 
nearly  parallel  lines  in  Fig.  40. 
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iTbe  values   in  Colume  III 

_  on  the  aasumption 

;t|nBDmcd&r  weight  of  sugar 
1  in   a    volume  of  1  liter 
%  prea&ure  of  22,4  atmos- 
and    with    increase    of 
iBBMrBture  would   act  in  ao* 
tttrim^  mth  Charles'  law.  ;  If 
i«  plot  these  values  we  get  a 
psph  of  the  type  ^ven  in  Fig. 
II.     CoDBequeutly,    with    the 
mmt  reservation  as  regards  cod* 
'  inafttioii    by    experiment    and 
[Mtofi  modifyiog  accuracy  of 
■msmecDeBt ,  we  may  say  that 
^unir*!^  pressure  is  proportional 
toBuiibMlute  temperature,  con* 
[on  temaining  constant 


r 


*«  Hypothecs, ^In  a  mmilar  manner  it  is  ^tisfac- 
r  demonstrated,  so  far  as  exact  demonstration  is  possible,  that 
molecular  weights  of  various  solutes  exert  equal  osmotic 
at  equal  concentration.    For  example,  342  g.  of  sugar 
liter  of  water  was  shown  by  Morse  (Am.  Chem.  Jour., 
FoL  34^  p.  85)  to  have  an  osmotic  pressure  of  22.610  atmospheres. 
iWeie  Uie  sugar  a  gas  confined  to  one  liter  volume,  according  to 
l&irofadro^e  hypothesis,  the  pressure  should  be  approrimately  22.4 
jalnoapberee.     If  this  relation  holds,  it  should  be  possible  to  deter- 
Boe  the  molecular  weights  of  substances  in  solution*    That  it 
t  noi  80  used  is  due  to  the  experimental  difficulties  of  eacact  meas- 
nflMBOt  aiid  to  the  fact  that  it  can  be  shown  that  changes  of 
PQMilg  point  and  of  boiling  point  with  change  of  concentration 
u%  mntatia  mutandis,  of  the  same  value,  and  these  are  more 
mMr  avaBable  as  means  of  measurement. 


rmnt  Bf^nSotutUfn  BypothesU.  ^^rom  the  striking  an- 
ik)«3f  between  the  ga«  laws  and  osmotic  pressure,  van't  Hoff 
mAed  the  condi^on  that,  as  later  modified  by  Morse,  sub- 

!2f!!^i!Il2T^     ***^*^  ^^  ^^  ^^**^^  «^^<^*  ^ere  they  gaseous 
•"  "™"*~  ^  ™^  vohmie  of  the  solvent  in  the  pure  sUte.    Tl|i| 
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assumes   that  **  osmotic  pressure  and  related  properties,   vap 
pressure,  freezing  point,  and  boiling  point  —  of  dilute  solutions  - 
depend  upon  the  number  of  molecules  of  solute  in  unit  volume 
the  solution  and  are  independent  of  the  chemical  nature  of  th 
solvent  and  solute  and  of  the  relations  between  solvent  and  soIut^.| 
(Mellor,  p,  210.)     This  view  of  the  nature  of  solutions  is  perhap 
to  be  described  as  the  orthodox  of  chemists  at  present,  but 
far  from  satisfactory,  and  a  brief  discussion  of  its  shortcoming 
will  be  presented  later,     (See  p.  186.) 

Modifications  of  the  Gas  Laics  far  Osmotic  Pressure, 

There  are  three  classes  of  exceptions  to  the  previously  discu 
generalizations  for  osmotic  pressure: 

(1)  The  generalizations  fail  to  hold  for  concentrated  solution^ 

(2)  They  do  not  correspond  to  the  facts  for  any  acid,  b« 
or  salt  in  solution  in  water»  in  which  cases  the  osmotic  pressu 
observed  are  always  in  excess  of  the  values  to  be  expected  fron 
the  generalizations. 

(3)  The  osmotic  pressure  of  solutions  is  occasionally  less  th 
that  calculated  for  solutions  of  corresponding  concentratiorul 
These  variations  of  fact  from  the  generalizations  and  the  h}T)OtJi«{ 
esis  deduced  from  them  would  ordinarily  be  sufficient  to  wholly 
discredit  them,  and  would  in  all  probability  do  so  in  this  instanw^j 
were  not  plausible  and  more  or  less  satisfactory  explanations  o^ 
all  the  variations  at  hand.  These  will  be  given  after  the  relat  ' 
phenomena  are  discussed. 

Freezing  Point  of  Sohttiiyns.  —  When  a  foreign  subetanoe ! 

dissolved  in  a  liquid  the  freezing  point  of  the  solution  is  lowef| 
than  that  of  the  pure  solvent  and  for  moderate  concentration 
the  lowering  is  proportional  to  the  concentration.     This  ftfct 
clearly  demonstrated  by  Blagden  (Phih  Trans.,  78,  277  {1788))J 
but  his  discovery  was  neglected  for  nearly  a  hundred  years  until 
rediscovered  by  Riidorflf  (Pogg,  Ann.,  114,  63).     In  1882,  RaouIt| 
(Compt.  Rend.,  94,  1517,  and  95,  pp.  188  and  1030),  using  solveuti 
other  than  water  and  water  solutions  of  many  organic  substanc 
demonstrated  that  equimolecular  concentrations  lower  the  freezifl{1 
point  of  a  given  solvent  to  the  same  extent,  e.g.,  342  grams  of  < 
sugar  and  32.03  grams  of  methyl  alcohol  each  lower  the  freezing 
point    of    an    aqueous    molar    solution    1.89**  C.     Equimolecular ^ 
amounts  of  many  other  substanc<^  produce  the  same  lowering 
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point  of  aqueous  solution.     The  quantity,  L89**  C, 

the  gram  molecular  lowering  of  the  freezing  point 

a-  and  so  long  4a  the  above  statements  hold  it  is  obvious 

determine  the  molecular  weight  of  a  substance  it  is  simply 

to   determine    the   quantity  of 

required  to   lower   the  freezing 

water  L89*  a 

method  is  extensively  employed 
rooBt  frequently  used  device  is 
by  Beckman  (Zeit,  fur  Phys, 
M  2,  p.  323  and  p.  638).  (See  Fig.  47.) 
ipparatus  consists  of  a  tube  with  a 
ieck»  A ;  a  surrounding  jacket,  B,  to 
t  local  over-cooling;  a  bath  of  ice 
alt  with  a  stirrer,  C»  to  prevent  one 
of  the  solution  being  frozen  too 
and  a  very  delicate  thermometer, 
etails  of  the  operations  are  given  in 
^ry  manuals.  (See  oho  texts  on 
lal  chemistry.) 

weight  of  the  substance  per  liter  w 
he  molecular  weight  M  ss  f,  the  low^- 
Of  the  freezing  point,  is  to  1,89,  or, 

M  -  1.89  X  w/f. 


Flu.  47. 


when  1000  grams  of  water  is  not 
|t  is  a  needlessly  large  quantity),  it  is 
to  multiply  the  quantity  of  the 

Kby  the  value  1000/u»',  whei*e  w' 
il  weight  of  water  used.     The  whole  expression  may  then 
if  ^  1.89  X  w/f  X  10CX)/t/j',  where  w  =  the  actual  weight 
issolved  in  u/  grams  of  solvent. 
:h  solvent  has  a  molecular  depression  peculiar  to  itself  and 
to  find  the  molecular  weight  of  substances  using  a  given 
,  it  is  first  necessar>'  to  find  the  molecular  lowering,  lising 
of  known  molecular  weight.     This  value  is  for  benzene 
acetic  acid  3.89°,  for  phenol  7.6**,  mercury  42,5°,  naphthalene 
tc.     (For  a  gram  molecular  weight  of  solute  per  1000  grams 
^ot.)     Using  any  of  these  solvents,  it  is  only  necessary  to 
itc  in  the  above  formula  the  molecular  lowering  of  the  given 
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The  normal  mode  of  behavior  of  the  freezing  point  of  solutio 
is  subject  to  the  same  variations  as  were  noted  in  the  case  of  osmo 
pressures  (c/.  p.  162)*     Raoult's  Law  does  not  rigidly  express 
behavior  of  concentrated  solutions  (c/.  p.  166)*     Many  subsi 
give  larger  molecular  weight  values  by  the  freezing  point  metl 
than  are  obtained  by  other  methods.     For  example,  the  mole 
weight  of  alcohol  vapor  is  46  (i.e.,  Sp.  gr.  X  28.95  ^  46). 
weight  corresponds  to  the  formula  CiHiOH.    The  lowering  of  ^ 
freezing  point  of  benzene  by  alcohol  is  but  half  what  we  she 
expect,  ifiz.,  2.45^  for  a  molar  solution.     This  sort  of  variation  ft 
expected  values  is  called  abnornial*    The  hypotheas  offered  | 
account  for  such  variations  is  that  aasociation  of  molecules 
place.     Thus,  in  benzene  solution  we  have  2C2HftOH  — ♦  (CiHiOl 
It  would  lead  us  too  far  to  discuss  the  reasons  for  making 
assumption,  but  analogous  association  of  molecules  is  frequefl 
encountered  in  gases  and  hence  the  assumption  of  associatiozi 
solution  is  not  unreasonable.     For  example,  we  know  that  iod 
at  high  temperature,  I,  becomes  la  at  lower  temperatures,  21 ; 
(cf.  p.  145),  and  also  2N0i  ?±  N2O4  (cf.  p,294). 

The  third  type  of  variation,  also  called  abnormAl,  is  more 
cult*     If  we  dissolve  acids,  bases,  or  salts  of  known   moleci; 
weights  in  water,  the  lowering  of  the  freezing  point  is  larger  than  i 
be  expected  from  Raoult's  law*     Thus,  a  normal  solution  of 
mon  salt,  i.e.,  58.5  grams  per  liter,  lowers  the  freezing  point  3,^ 
instead  of  1*89.     All  other  solutions  of  acids,  bases  or  salts  she 
similar  variation  from  normal  behavior.     The  quantitative  va 
tion  is  not  identical  for  different  substances.     In  view  of  such  va 
tions  the  student  has  a  perfect  right  to  question  seriously  the  valid 
of  Raoult^s  Law  as  applied  to  aqueous  solutions.     He  is  ask 
however,  to  remember   that  Avogadro's  hypothesis  was  at 
rejected,  largely  because  using  it  as  a  basis  of  calculation 
substances  appeared  to  have  impossible  molecular  weights.    Ti 
ammonium  chloride,  NH4CI,  formed  by  the  direct  addition  of  1 
monia,  NH3,  and  hydrochloric  acid,  HCl,  must  have  a  moleci: 
weight  of  53.5.     The  specific  gravity  of  its  vapor  multipUed 
28.955  (see  p.  100)  give^  values  ranging  all  the  way  from  nc 
26.5  to  approximately  53  according  to  the  conditions  under  wh 
the  specific  gravity  is  determined. 

It  finally  was  realized  that  it  was  more  reasonable  to 
that  ammonium  chloride  dissociates  when  converted  to  a  vapor,  1 
NH4CI  ^  NHi  +  HCl,  than  to  reject  the  very  useful  hypoth^ 
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Avogadro,  Ib  a  similar  manner  we  may  find  that  it  is  better 
more  reasonable  to  seek  an  explanation  of  excessively  large 
apressions  of  the  freezing  point  than  to  reject  the  generalization 

R&oult.  This  explanation  is  found  in  the  hypothesis  of  Ar- 
lenius  (p.  171). 


Bailing  Point  of  Solutions^  —  We  have  already  pointed  out 
lat  the  boiling  point  of  a  liquid  is  the  temperature  at  which  its 
ipor  tension  equals  the  gaseous  pressure  upon  it.  In  1832, 
Taraday  (Ann.  Chem.  et.  de  Phys.,  vol  20,  p,  324)  attempted  to 
^tennine  the  exact  influence 
dissolved  substances  upon 
( boiliBg  point  of  water  but 
unable  to  secure  concord- 
it  data.  In  1858,  WiiUner 
HBted  out  that  the  lowering 
the  vapor  pressure  of  a  solu- 
aon,  therefore  the  elevation 
the  boiling  pointy  is  propor- 
ional  to  the  concentration  of 
ae  dissolved  substance,  pro- 
ided  the  dissolved  substance 
^is  not  volatile.  In  1882,  Ra- 
'  cult  showed  that  in  a  non- 
aqueous solvent  equimolecular 
concentrations  of  dissolved 
substances  cause  equal  eleva- 
tions of  the  boiling  point. 
Even  with  water  the  rule 
holds  good  for  solutes  such  as 
sugar,  ^alcohol,  ethyl  acetate^ 
etc.  The  rise  in  the  boiling 
point  for  one  gram-molecule 
of  solute  per  1000  grams  of  solvent  is  for  water  0*52*;  for  acetone, 
1.67**;  for  benzene,  2.67°;  for  ether,  2.16'';  for  carbon  disulfide,  2.6^ 
The  apparatus  for  measuring  boiling  point  changes  is  usually  a  more 
or  less  modified  variation  of  an  apparatus  first  suggested  by  Beck- 
man  in  1889,  The  form  shown  in  Fig.  48  is  known  as  McCoy's 
apparattiB.  (For  other  variations  consult  texts  on  Physical  Chem* 
istry.)  It  will  be  clear  from  the  considerations  cited  under  the 
topic  of  freezing  points  that  this  method  may  also  be  used  for  raolec- 
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ular  weight  determination,  provided  substances  of  known  molecule 
weight  are  used  to  determine  the  molecular  elevation,  by  mn 
the  proportion  mol.  wt,  =  0.52  X  w/f  X  1000/ If,  where  0,52 
the  molecular  elevation,  w  =  weight  of  solute,  W  =  weight  of 
vent  and  /  the  elevation  of  the  boiUng  point 

It  is  to  be  emphasized  that  the  three  modifications  of  the  abc\'6 
statements  must  be  made  as  in  the  case  of  the  freezing  points 
The  rules  fail  to  hold  for  concentrated  solutions,  and  if  we  assun 
that  they  hold  at  all  we  must  also  assume  in  some  cases 
ciation  and  in  others  association  of  molecules. 

Special  attention  should  l>e  drawn  to  the  fact  that  the  generiil 
laws  of  osmotic  pressure,  freezing  point  and  boiling  point  do  noil 
hold  with  substances  which  are  capable  of  interacting  chemicallj 
with  the  solvent,  e.g.,  sulfur  trioxide,  nitrogen  peroxidCj  etc.,  witf 
water. 


Relation  between  Osmotic  Pressure^  Freezing  Points 
Boiling  Points » -^  It  may  be  pointed  out  that  in  each  of  the  three  i 
of  phenomena  under  consideration  we  are  dealing  with  the  same  aort  of  chiiO0 
In  the  case  of  osmotic  preflaure,  we  are  measuring  the  pressure  which  dev 
when  the  attempt  ie  made  to  prevent  a  solution  from  becoming  more  dilute  I 
contact  with  a  pure  solvent.     In  the  case  of  boiling  or  freezing  points,  we  3 
meaauring  the  energy  required  to  separate  water  from  solution*     Indeed,  it  i 
poesible  to  calculate  the  lowering  of  the  freezing  point  and  the  elevation  of  1 
boiling  point  from  the  valuer  obtained  in  the  general  gaa  equation  and  the  1 
tecit  heat  of  fufiion  and  latent  heat  of  vapiorization.     (See  General  DiflcusioQ  - 
Bigelow,  Theoretical  Chemistry,  pp.  328-329,) 

Electrolysis,  —  When  the  terminals  from  a  source  of  cu 

electricity  are  connected  by   means  of  various  materiaIS|  th 
varieties  of  substances  may  be  speedily  distinguished: 

(1)  Those  which  act  as  insulators  and  prevent  the  passage  < 
the  current  from  one  terminal  to  another.  The  vast  majority 
substances  belong  to  this  class,  eg,,  nearly  all  pure  liquids,  in- 
cluding water;  the  non-metallic  elements  in  general  and  most  dry 
compounds.     These  are  called  non-conductors. 

(2)  Those  which  permit  the  passage  of  the  current^  but  which 
remain  essentially  unchanged  while  the  current  passes  and  wholly 
unchanged  when  the  source  of  the  current  is  removed.     These  are 
for  the  most  part  metals  and  their  alloys.    These  are  called  coi^ 
doctors  of  the  first  class.  .  " 

(3)  Those  which  allow  the  passage  of  the  current,  but  ar« 


OSMOTIC  PRESSURE  AND  IONIZATION 


167 


ItaneDUsly  decomposed  by  the  current  or  cause  decompositioo 
tenninids  and  hence  suffer  change  in  coraposition.  The 
inces  belonging  to  this  class  are  acids,  bases  or  salts  io  sola- 

i  in  water  or  when  highly  heated.  These  siibstance^s  are  kiiowti 
iductors  of  the  second  class,  or  electrolj^es.  The  process 
msfer  of  electricity  through  electrolytes  is  called  electrolysis 

[is  the  subject  of  the  present  discussion* 

liUtory.  — The  process  of  electrolysis  was  first  noted  by  Nichol- 
^A&d  Carlisle  in  1800,  when  they  observed  the  decomposition 
water  placed  between  the  poles  of  a  voltaic  pile  (the  first 
source  of  current  electricity,  consisting  of  alternate  plates 
iver  and  copper  between  layers  of  cloth  saturated  with  salt 
1,  invented  in  1799  by  Volta).     This  discovery  was  quickly 
by  a  series  of  discoveries,   notably  those  of  Berzelius 
I  that  by  passage  of  current  through  salt  solutions  and  of 
water  the  **  combustible  constituents  of  alkalies  and  of 
separated  themselves  at  the  negative  pole  of  the  battery 
that  oxygen  acids  and  oxidissed  substances  separated  at  the 
This  was  followed  in  1806  by  the  strikingly  interesting 
iovestigations  by  Davy,  which  culminated  in  his  isolation 
iura  and  sodium  by  the  electrolysis  of  their  fused  hydrox- 
In  1834,  d  seq^f  Faraday  showed  that  the  quantity  of  sub- 
decomposed  is  exactly  proportionate  to  the  quantity  of 
city  which  has  passed  through  the  electrolyte^  and  that  if 
le  current  be  led  through  a  series  of  electrolytes  the  quan- 
\  of  the  various  materials  liberated  at  the  poles  is  proportionate 
chemical  equivalents.     These  two  statements  are  known 
taraday's  laws.     An  illustration  of  the  latter  is  furnished  by 
^ng  a  current  through  a  series  of  celts,  containing  the  following 
lions  in  water:   HjSOi,  CuClj,  AgNOa,  AuCla  and  SnCU.     (See 
49.)     The  following  relative 
mts    are    liberated    at    the 
^tive  poles:   Let  the  amount 
j'drogen  be  one,  then  H  =  1 ; 
108;  Cu  -31,8;  Au  =  65.7; 
29.8*     These  are  the  rela- 
equivalent   weights   of   the 
Faraday   also   invented 

leJy  interesting  nomenclature  which  we  still    employ, 
Tword  electrolyte  (from  rfktKrpoy  =  amber,  representing  elec- 
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tricity,  and  Kvnn  —  solution)  was  deigned  to  describe  a 
which  acts  aa  a  conductor  of  the  second  ela^;  and  by  u 
also  come  to  mean  a  substance  which,  when  added  to  a  soli 
forms  such  a  conductor.  Electrolysis  {r^Mtrpov  and  AiW  »  to  1< 
is  the  process  of  decomposition  by  means  of  the  current.  To 
accurately  describe  the  details  of  the  process  Faraday  ako 
to  call  the  terminals,  at  which  the  current  enters  and  leaveB  ihet 
tion,  the  electrodes  (from  oSf  =  road  or  path)  and  to  distuii 
them  by  prefixes  («aro  =  downward  and  (am  —  upward) ;  the  4t^ 
trode  at  which  the  positive  elements  appeared  is  called  the  fcirffclH^ 
or  cathode,  and  the  non-metallic  elements,  or  radicfdfi,  a{ipettred  ll 
the  anode.  The  apparent  effect  of  the  passage  of  a  current  k  to 
cause  a  decomposition  of  the  solute  into  two  sorts  of  n[iaterijd, 
sort  eventually  appearing  at  the  anode  and  another  at  the  cal 
and  they  may  be  considered,  therefore,  as  traveling  throu^ 
solution  hence  are  called  ions  (from  £oi^  <=  a  traveler)  and,  respec- 
tively, cathions  and  anions. 

The  Process  of  Etectroiyst^,  —  If  a  Bolution  of  copper  sulfate 
be  placed  between  two  platinum  electrodes  (see  Fig.  50),  which 

are  kept  at  a  definite  potential  or 
"  charge  "  from  some  source  of  eurreot, 
a  dynamo  or  storage  battery^  the 
visible  process  that  goes  on  is  the 
deposition  of  copper  at  the  negative!)** 
charged  electrode,  the  cathode,  and  a 
liberation  of  ox>'gen  at  the  anode.  On 
careful  examination  of  the  liquid  around 
the  anode  it  may  be  shown  that  sulfuric 
acid  is  accumulating  there  and,  of 
course,  diffusing  thence  throughout  the 
liquid.  If  the  operation  be  continued 
sufficiently  long,  all  the  copper  mil  be  deposited  and  an  equiva- 
lent amount  of  oxygen  will  be  liberated.  We  may  express  t! 
changes  as  follows: 
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CuSOi 
2SO4  +  2HtO 


Cu  +  S0«, 
2H,S04  +  0,. 


If  instead  of  copper  sulfate  we  use  silver  nitrate,  we  get  a  deposit 
of  silver  at  the  cathode,  and  liberation  of  oxygen  and  formation 
of  nitric  acid  at  the  anode.     If  we  use  a  sodium  or  potassium  J 


^ 


It  does  not  always  follow  that  the  anion  decomposes  the  sol- 
vent, for  if  we  use  common  salt  or  hydrochloric  acid,  of  proper 
ooDcentration^  as  a  solute,  we  obtain  a  liberation  of  chlorine  at 
the  anode.  All  acids  when  electrolysed  liberate  hydrogen  at  the 
cathode. 
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VmU  of  Measure  of  Electricity » —  It  is  perhaps  desirable 
before  taking  up  the  explanations  of  electrolysis  to  discuss  certain 
mU  of  measure  of  electricity,  which  may  or  may  not  be  familiar 
to  the  reader.  The  present  two-fluid 
view  of  electricity  dates  from  the  time 
of  Benjamin  Franklin,  who  proposed 
tlie  names  positive  and  negative  for 
the  two  sorts  of  electricity  which  are 
developed  upon  silk  and  glass  by 
nibbing.  These  terms  have  been 
Iranaferred  to  the  kinds  of  ''charge" 
developed  at  the  opposite  poles  of  a 
dynamo  or  of  a  voltaic  cell.    When 

these  poles  are  connected  by  means  of  conductors,  they  are  mutu- 
ally discharged  and  a  current  is  said  to  flow  from  one  to  the  other. 
It  is  conventional  to  consider  the  direction  of  the  flow  as  indicated 
b  Fig.  51. 
I  The  elements  or  radicals  which  appear  at  the  negative  elee* 

trode  are  hence  spoken  of  as  positive  and,  conversely,  those  ap» 
pe&ring  at  the  positive  pole  are  negative.  The  flow  of  a  current 
tliroiigh  an  electrolyte  is,  then,  a  mutual  discharge  of  negative 
iod  positive  ions  (in  the  Faraday  sense  of  the  word)  at  the  elec- 
trodes. The  units  of  measure  of  this  flow  of  current  are  derived 
kky  ana)og>'  with  the  flow  of  water  from  higher  to  lower  levels. 
TTic  unit  quantity  of  electricity  is  called  a  coulomb  and  the  chemi- 
bl  equivalent  of  this  quantity  is  0.001118  gram  of  silver,  i.e., 
Hie  coulomb  of  electricity  flowing  through  an  electrolytic  cell 
oontaiaing  a   silver  salt   will   deposit  0.001118   gram   of  silver. 


170 


INORGANIC  CHEMISTRY 


According  to  Faraday*8  laws,  it  will  then  take  107.88,  0.001118  = 
96,493  coulombs  of  electricity  to  depoeit  a  giam  eqtiivalefit  o(  ii^ 
ion<  This  quantity,  in  round  numbers  96^500  coukxnbo,  is  kioffi 
as  a  faraday*  If  a  quantity  of  one  coulomb  flows  thioo^  t 
conductor  each  second,  the  rate  of  flow  is  called  an  amycfm* 

Whether  water  flows  through  a  pipe  —  and  the  rate  —  depeodi 
not  alone  on  the  capacity  of  the  pipe  and  the  avaHability  of  wmter, 
but  upon  the  difference  of  level  of  the  ends  of  the  pipe,  ao  a  ea^ 
rent  ib  assumed  to  flow  when  there  is  a  difference  of  f**tfii<ffl  cr 
electromotive  force  at  the  ends  of  the  conductor  under  eolnde^ 
ation.  This  difference  of  potential  is  measured  in  ^ts.  Tlie 
rate  of  flow  of  water  in  a  pipe  is  also  varied  by  the  resistaiict 
offered  by  friction.  Similarly,  we  regard  the  rate  of  flow  of  dee- 
tricity  as  detennined  by  the  resistance  of  the  conductor,  and  u 
a  unit  of  measure  we  adopt  arbitrarily,  for  reasons  which  do  not 
concern  us  here,  a  column  of  mercury  106.3  cm.  in  length  aad 
of  a  uniform  cums  section  of  1  sq.  mm.  and  at  0**  C  This  quantity 
is  called  an  ohm.  The  volt  is,  then,  the  intensity  of  eleetricd 
energy  required  to  cause  the  flow  of  one  coulomb  per  second 
.  across  a  conductor  of  a  resistance  of  one  ohm.  These  relations  may 
|b«  concisely  expressed  in  terms  of  Otun*s  law,  C  —  E/R,  wfa€i« 
C  •  thfl  f|nrintity,  E  =  voltage,  and  R  —  resistance.  The  total 
energy  involved  is,  of  course,  C  X  E  and  is  measured  in  joules, 
I  antl  if  we  have  a  joule  per  second  the  quantity  is  known  as  a  watt 
(■  rif  of  one  horse  power). 

Thc«M  iiDiU  derive  their  nmncs  from  noted  inyestigators  whose  contributiov 
to  the  iiibject  are  fiatiafaciorily  Bumms^ized  m  the  Encyclopedia  Britaanica. 

Explunationn  of  ElectrolyBta,  —  From  the  earliest  observation 
of  the  difference  between  conduction  of  the  current  by  metals  and 
by  electrolytes,  various  views  of  the  mechanism  of  the  proceai 
have  been  advanced  as,  for  example,  that  of  Grotthus  (L  ^ 
and  that  of  Clausius  (1857).  (See  text-books  on  Electro  Cb 
iatry.)  There  have  been  devised  several  general  h>'pothese8  con- 
cerning the  relations  between  chemical  and  electrical  energy, 
among  which  may  be  mentioned  those  of  Davy  (1806)  and 
Berzelius  (1812).  The  latter  \icw  held  the  attention  and  guided, 
largely,  the  course  of  chemical  thought  for  many  years.  Accord- 
ing  to  BerzeUufl,  "  Every  chemical  action  is  fundamentally  an 
electrical  phenomenon,"  and  **  Electricity  is  the  first  cause  of  all 
chemical  activity."     (For  details  consult  histories  of  chemistry.) 
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Sdcc  the  first  test  of  a  satisfactory  hypotheaia  is  that  it  must 
be  in  accord  with  the  known  facts,  all  these  hypotheses,  after 
having  served  their  purpose,  have  been  given  up  and  at  present 
the  orthodox  view  of  the  situation  is  that  evolved  from  the  hy- 
pothesis of  Arrfienius  (1887).     This  hypothesis,  while  not  wholly 
11     free  from  adverse  criticism,  has  so  served  chemistry  as  a  mode 
B|9f  elaseiification  and  as  a  stimulus  to  discovery  that  it  is  perhaps 
H^perly  regarded  as  one  of  three  fundamental  hypotheses,  rank- 
Biiig  with  the  atomic  and  kinetic-molecular  hypotheses. 
"      In  1887,   Arrhenius   (Zeit.  fiir  Phys.  Chem,,  Vol   1,  p.  631) 
^called  attention  to   the  fact   that  van't  Hoff's   hypothesis  (see 
iBp.  161),  assumed  by  him  to  apply  to  the  greater  number  of  solu- 
HtioQS,  can  be  extended   to  cover  electrolytes  if  we  assume  the 
V '^  abnormally  *'   high  osmotic  pressures,   freezing  points,  etc.,   to 
be  due  to  dissociation  in  solution,  the  dissociation  being  analo- 
gous  to    that    of  gaseous  chlorine,  broniine,  iodine,  etc.,  when 
1      heated.     If.  then,  in  any  way  a  measure  of  the  degree  of  disso- 
datioD  can  be  determined,  we  can  calculate  the  osmotic  pressure 
of  an  electrolyte  according  to  van't  Hoff's  rule. 
,.  In  a  previous  article   in   1884,   Arrhenius  had  extended   the 

bypolheais  of  Clausius,  that  electrolytes  conduct  the  electric 
con^nt  by  reason  of  minimal  dissociation  into  electrically  charged 
particles,  and  assumed  that  not  only  was  electrolysis  due  to  the 
pftsence  of  products  of  dissociation,  but  that  this  dissociation 
w  ver>-  extensive  in  the  case  of  good  conductors  and  that  in 
very  dilute  solutions  the  dissociation  is  practically  complete.  In 
1887  (Zeit.  far  Phys,  Chetn.,  Vol.  I,  p.  637)  he  says:  '*  Each 
jfectrolv^e,  in  aqueous  solution,  consists  of  partly  active,  partly 

ktnaelive,  moieculeSi  and  the  latter  by  dilution  convert  themselves 
in  active  molecules  (by  dissociation),  so  that  in  an  infinite  dilution 
Only  active  molecules  exist."  These  active  molecules  he  proposes 
^  call  tons,  and  assumes  these  ions  to  be  ^*  laden  with  heavy 
chctrtcal  charges  of  opposite  types  and  hence  can  only  be  wholly 
ftpafated  from  each  other  by  the  expenditure  of  energy  and  in 
fitti  ttspeet  differ  from  the  products  of  gaseous  dissociation." 
The  bjTpotbesis  may  be  now  restated  in  somewhat  simpler 
toiM  and  extended  to  cover  certain  raodifications  made  necessary 
^VMbaaquently  discovered  facts. 

Sobstances  which  are  conductors  of  the  second  class  when  in 
ioiBtioii  in  water  (and  in  a  few  other  solvents)  are  assumed  to 
te  diaaociatedi  partially  at  ordinary  dilutions,  into  positively  and 


* 


I 


negatively  chiirged  portions  called  ions.    The  sum  total  of  pasitiTe 
and  negative  electrical  charges  are  equal.  ■ 

lonisatian   and   Eiectrolysis.  — ,The   process   of   electrolysis, 
in  terms  of  the  ionization  hypothesis^  may  be  supposed  to  proceed  _ 
as  follows:  ■ 

The  poles  of  a  source  of  electricity  are  kept  at  a  constant  dif- 
ference of  potential,  i,e,,  **  voltage.**  If  the  poles  are  connected  by 
means  of  a  conductor,  the  current  "  flows,"  but  the  difference  of 
potential  is  maintained  by  the  generation  of  more  electricity*  If, 
now,  theae  poles  are  connected  by  me^ins  of  an  electrolyte,  ions 
positively  charged  (cations)  •  are  attracted  to  the  negative  pole 
and  at  the  same  time  negatively  charged  ions  (anions)  are  attracted 
to  the  positive  pole.  As  each  ion  comes  in  contact  with  the  elec- 
trode it  is  relieved  of  its  charge  and  hence  reverts  to  the  behavior 
of  the  ordinary  substance  of  the  same  composition.  Thus  if  the 
electrolyte  be  common  salt  we  have  hberated  at  the  electrodes 
sodium  and  chlorine.  The  sodium  decomposes  water  thus:  2Na  + 
2HiO— ►SNaOH  +  Ha  and  hydrogen  is  evolved  as  a  gas.  What 
happens  at  the  positive  electrode*  the  anode,  depends  upon  the 
concentration^  temperature,  etc.  But  in  part,  at  least,  chlorine  is 
liberated  as  a  gas.  As  soon  as  the  equilibrium  of  the  reaction  be- 
tween the  dissociated  and  undissociated  molecules,  as  indicated 
by  the  equation  NaCl  ^  Na°  +  CK,  is  disturbed  by  removal 
of  the  ions  the  reaction  goes  on  in  the  direction  indicated  by  the 
arrow  -^  untO  practically  all  the  salt  is  decomposed.  It  will  be 
seen,  then,  that  the  charged  ions  are  present  in  the  solution  before 
connection  is  made  with  the  battery*  Similar  explanation  in  terms 
of  the  h3rpothesi3  may  be  offered  for  the  progress  of  the  electrolysis 
of  any  electrolyte.  m 

Amounts  of  Electricity  Upon  the  Ions,  —  In  the  electrol- 
ysis of  hydrochloric  acid  96,500  coulombs  of  electricity  are  required 
to  liberate,  simultaneously,  a  gram  atomic  weight  of  hydrogen  and 
one  of  chlorine.  It  follows,  therefore,  that,  while  we  may  not  know 
the  actual  number  of  ions,  the  ions  of  hydrogen  and  of  chlorine 
bear  equal,  but  opposite  charges.  It  is  conventional  to  represent 
these  quantities,  if  positive,  by  the  sign  +  or  **  and,  if  negative, 
by  the  sign  -  or  '.  Thus  NaCl  -^  Na^^  +  CF,  or  NaCl  --*  Na**  + 
CI'.  The  lat-er  convention  represents  the  better  usage.  Again, 
if  we  electrolyse  copper  eliloride,  CuCU,  we  find  (see  p.  167)  that 
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two  chlorine  ions  are  liberated  for  each  one  of  copper  and  the  con- 
dition of  the  salt  in  equilibrium  in  water  inay  be  indicated: 

CuCl,  :f±  Cu"  +  2cr, 
A$m.  similarly,  AuCU  ^  Au**°^+  3Cr, 

and  CuS04^Cu°^  +80*^ 

We  may  then  say  that  the  number  of  unit  charges  on  an  ion  cor- 
responds to  the  valence  of  the  element  or  radical  of  which  the  ion 
is  composed. 

EquiUbriuFn  in  Electrolytes*  —  If  ionization  is  produced  by 
the  act  of  solution  and  the  ions  act  as  independent  molecules  carry- 
ing d^rical  charges,  it  is  a  necessary  consequence  that  ioniza- 
tion be  regarded  as  a  chemical  change  and  hence  should  conform 
to  the  general  laws  of  equilibrium,  and  the  condition  of  any  ionized 
wlutc  is  that  of  a  reversible  reaction.  If,  for  example,  sodium 
chloride  is  in  solution  we  would  have  NaCl  4=*  Na**  +  CI'.  This 
BltuAtion  is  analogous  with  that  of  iodine  vapor^  Ij  ^  I  +  I, 


Fto,  a. 

If  water  is  the  determining  factor,  dilution  should  drive  the 
toiction  to  the  right  and  removal  of  water  to  the  left.  That  such 
» the  general  effect  is  shown  by  evaporation  to  dryness;  when  the 
tmii  if  non-conducting  dry  salt.  If,  on  the  other  hand,  we  place 
t  irtltrated  solution  of  salt  between  the  electrodes  in  a  trough 
eNmscted  with  an  ammeter,  as  in  Fig.  52,  in  such  manner  that  on 
the  addition  of  water,  itself  a  non-conductor,  the  whole  solution 
fiSkatns  between  the  electrodes,  the  solution  increases  in  con- 
AutiTity.  Sioee  the  ease  with  which  a  solution  conducts  a  current 
VioppOBed  to  depend  upon  the  capacity  of  the  ions,  their  speed  and 
their  namber»  and  ance  in  this  case,  if  we  keep  the  temperature 


t 
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^  coQstazit,  neither  capacity  oor  speed  can  reasonably  be  aasuoiad 
to  change,  the  increased  rate  of  transference  can  only  be  occaaioned 
by  increase  in  the  number  of  ions.  ThiB  is  also  to  be  expect^ 
from  the  law  of  chemical  equiMbrium.  If  we  represent  by  Ci  th« 
concentration  of  sodium  chloride  in  gram  molecules  per  liter,  and 
by  Ct  ftnd  C«  the  concentration  of  the  ions,  then  Ct  X  Cf/Cj  »  K 
{cf,  p.  135).^  If  we  recall  that  d  is  the  original  amount  of 
salt  placed  in  solution,  less  that  ionized,  we  may  write  the  ex- 
pression x*/{l  —  x)  —  K^  where  x  represents  the  concentration  of 
each  ion.     If  now  we  dilute  the  solution,  say  tenfold, 


(fo)" 


I 


This,  being  interpreted,  means  that  as  v^  the  dilution  of  a  solutioo, 
increases,  the  value  of  x  must  increase  if  the  ratio  is  to  remain  cou* 
atant.  This  relation,  known  as  Ostwald's  dilution  law,  holds,  aa 
rigidly  as  is  to  be  expected,  for  all  poor  conductors.  When  applied 
to  highly  ionized  substances  good  results  are  not  obtained  for  reasons 
not  yet  satisfactorily  explained,  but  which  are  perhaps  to  be  found 
through  a  careful  investigation  of  the  hydration  of  the  ions  (q,vX 
If  in  the  consideration  of  ionic  equilibrium  we  have  to  deal  with  a 
substance  furnishing  more  than  two  ions,  for  example  CuClt*:* 
Cu*^  +  2CI',  we  have 


(1  -  X)  II 


^K. 


Degree  of  lonUation*  —  If  water  be  added  at  successive  in- 
tervals to  a  solution  of  sodium  chloride  in  such  manner  as  will  keep 
all  of  the  solution  between  parallel  electrodes  (see  Fig.  52),  at  a 
fixed  temperature,  the  conductivity  will  be  found  to  increase  with 
each  addition  of  water  until  a  maximum  conductivity  is  reached* 
Subsequent  additions  of  water  do  not  materially  affect  the  conduc* 
tivity*  This  change  of  conductivity  with  dilution  is  illustrated 
by  the  graph  given  in  Fig,  53.  If  the  temperature  is  constant 
it  may  be  assumed,  without  great  error,  that  the  amount  of  current 
which  passes  depends  upon  the  number  of  ions  present.  When 
the  conductivity  reaches  its  maximum  we  may  assume  practically 
complete  ionization.  We  call  this  value  X«.  At  any  lesser  dilu- 
tion, the  conductivity,  which  we  call  X,,  is  less  because  fewer  ions 
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m  present.     Therefore,  the  ratio  X«/Xod  represents  the  degree  of 
uniization  of  th^  fialt      In        jto              * 

^  eaae  of  common  salt 
i  »  110  at  18^  i.e.,  its    t^ 
toductivity  is    110  re-    1 

^ 

1 

procsu  oniBSy  someiiines    ^  "• 
led  mhos.     A  normal    ^ 
lutioD   of   salt   has   a    i^ 
iftductivity  of  74.4  (i.e.,    1 

^^ 

^ 

— 

^ 

" 

/ 

when  p  is  1000  cc.  =     f  ^ 
,4iiihoe).    The  degree 

/ 

i 

KHiisation  of  Halt  in        ^^^      90      m»      m?     t^   '  »*&     ^^        I 
irauU  solution  is  there^                    ^^  •^-^^  m^ma                         | 
je 74.4/110 -0.676  or                                  ^*^                               ■ 
F.6  per  cent.      In  a  similar  way  the  degree  of  ionization  of  other  ^1 
Impounds  has  been  determined.                                                                 J 
The  following  list  gives  the  percentage  ionization  of  some  com-  ^k 
Ion  compounds  as  determined  by  this  method^  at  18"^.                     ^| 

Per  eeot.                                                               P«r  cent.               ^^k 

Ha  35  per  cent. 13.6            H,0 0.00001      ■ 

Ha  N..... 78.4            KOH   N 77                 ■ 

Ha   N/10 ...,92.5            KOH    N/10 91                ^1 

HNO,  62  per  cent •       9  6            KOH    N/lOO 97         ^^M 

HNQ»   N 78.9           NaOH    N.. 72       ^^M 

HNO.   NAO-.-,- 92.i            NaOH    N/IO 91        ^^H 

HBr    N ,... 79                NaOH     N/ino 06                ^H 

EBr  N/10.        93 

m  N/10.            ...  91 

aaoi  N, .•  80 

aoo.  N/10...... 93 

aMnOi    N/2 93 

a^«ft5  percent       ....      0.8 

BU»*    N... 52 

Mm*.   N/10 ....     60.8 

ajO*   N/lO 27 

HiA^*   N/8 .,    19 

a&Oi   N/10... 80 

te   N.. 7.9 

^^^   ir/10.... 13 

r^H&HA   N. 0.4 

,      BCWA   N/100. 1.3 

m   H«>b   N/100 ..      0  24 

■  B^BOi   N/50 0.003 

■  HCN   N/ie 0.01 

Ba(OH)t    N/100. 
NH*OH    N...... 

NHiOH    N/100.. 
NH^H    N/IO., 

NftCI    N 

NaCl    N/10 

NaNO,    N/10... 

KCl    N/10 

KBr    N/10 

KI   N/10 

NH*Cl    N/10.... 
K»S04   N/IQ.... 
NaJSO*   N/10... 
Ba(NO,)i    N/10. 
ZnSO*    N/10.... 
CqSO*    N/10,... 
HgCli   N/10.... 

- 

■1 

93 
0.4 
13 
4.07 
74.1 
85.2 
83.2 
86 
85.9 
86.9 
86.2 
72.4 
70.4 
67.9 
40.5 
39.6 
1 

1 
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In  actiml  practice  the  above  method  of  obtaining  the  value  X,  10  not  used 
many  reasona,  the  moet  obvious  being  the  impracticability  of  using  oeUlB  of 
aise  demaaded  by  the  description.  It  ii3  convenient  to  determine  the 
of  a  cubic  centimeter  of  solution  in  ohms  and  then  expreaa  the  conductmty  ii 
reciprocal  ohms.  To  get  the  equivalent  conductivit>%  the  conductivity  of  1  cc., 
the  specific  conductivity  is  multiplied  by  the  number  of  cubb  ceotimeteiB  which 
ocmtaiiis  a  gram  equivslent  of  the  solute.  For  details  of  the  methods  used  the 
student  ia  referred  to  texts  on  electro-chemtstjy. 

It  is  perhapt)  well  at  this  point  to  call  attention  to  the  fact  that  it  is 
impossible  to  determine  the  conductivity  at  infinit^e  dilution  directly  far 
subBtances.     Fortunately  it  is  possible  by  determination  of  the  relative  speed 
the  ions  to  calculate  the  conductivity  at  infinite  dilution.    For  those  substances 
whioh  become  completely  ionized  only  at  such  great  dilutions  that  the  enon  of 
experiment  vitiate  the  result  the  calculated  value  of  Xoq  is  used. 
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A  third  consideration  may  be  mentioned.  TTie  degree  of  ioniiation  Is  no^ 
to  be  confu^d  with  concentration  of  ions,  nor  the  total  conductivity  of  a  solutiot^ 
containing  a  grant  etiuivalent  with  the  actual  conductivity  of  a  portion  of  th^ 
same.  This  may  be  illustrated  by  the  curve,  Fig.  54,  wliich  ahows  the  change  oC 
apeci^c  conductivity  with  dilution  and  also  the  total  or  equivalent  oonductiiri^ 
for  sulfuric  add.  . 


Other  MethiMis  for  Degreees  of  lonizaiian*  —  The  so-K^alled' 

abnormal  depression  of  the  freezing  point,  elevation  of  boiling 
point  and  osmotic  pressure,  if  produced  by  reason  of  the  disso- 
ciation of  electrolytes,  should  also  furnish  means  of  calculatiiig 
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the  degree  of  di^^tociation.  In  most  cases,  though  Qot  in  all,  the 
raultfi  obtained  accord  as  well  as  may  be  expected  with  those 
obtained  dectrolytically.  The  following  table  iodicates  the  relative 
tilues  obtained  by  three  methods  (modified  from  Nernst's  Theo- 
lettcal  Chemist  r>0.  The  same  concentration  of  solutions  is  indi- 
tHod  for  all  tiiroe  cases. 


Cilcium  nitjAte.  CaCNOi)i. 
i^iestum  sulfate,  M^0«. 
fitroDtium  chloride,  SiCl|. . 
PotiKium  chloride,  KCI . . 
lithium  ^oride,  LiCl  ... 
SiUi^ciesium  chloride.  MgO* 


Molv 
tnujon. 


0  18 
0.38 
0.18 
0.14 
0  13 
0.19 


OiiDotie 


74 
25 
84.5 

81-0 
92  0 
85.5 


FnMnag 
point. 


73.5 
20.0 

76.0 
86.0 
94.0 

84.0 


ODodufi- 
tivity. 


73 

35 
76 

86 
84 


74,0 


If  the  change  of  viscosity  with  change  of  concentration  of  solu- 
toi  be  taken  into  account  in  the  determination  of  Xp/X«,  it  has 
been  shown  by  A,  A.  Noyes  that  the  degree  of  dissociation  of  most 
ulteas  determined  by  the  freezing  point  and  conductivity  methods 
•pee  with  each  other  within  2  per  cent  up  to  a  concentration  of 
0.1  Donnal.  The  change  of  degree  of  dissociation  with  change  of 
temperature  is  also  shown  to  t>e  slight  and  between  0*^  and  18**  is 
Iw  than  the  probable  error  of  experiment  (see  Noyes  &  Falk, 
Jour.  Am.  Chem.  Soc.,  Vol.  34,  p.  487,  1912). 

B      Acids  and  Bases*  —  So  far  we  have  purposely  avoided  defining 
H  thae  fraquently  used  words,  acid  and  base.     We  now  have  satis- 
Vfietory  tenns  in   which   t^  express  these  definitions.     The  term 
r^  ttid  (from  acidus  =  vinegar)  was  used  by  the  alchemists  to  de- 
^•crihe  mibetances  which  had  properties  in  common  with  vinegar 
Bind  in  cx^ntrast  wnth  the  t<;rm  alkali  (from  the  Arabic  for  ashes) 
BlBed  for  substances  resembling  the  extract  of  ashe^.     Acids  are 
B"lwir,  change  the  color  of  many  vegetable  colors,  dissolve  many 
solid  substances  which  are  insoluble  in  water,  and  lose  these  prop- 
erties when  brought  in  contact  with  alkalies.     Alkalies  are  bitter, 
We  "soapy'*  properties,  are  solvents  for  oils,  and  restore  the 
^olor  of  dyes  which  have  been  changed  by  acids.     In  general  the 
fubstanoes  are  of  opposing  eharact<;ristics.     The  products  of  their 
^temciion  are  similar  in  many  respects  to  common  salt  (sai  murias) 
^  beooe  are  called  salts.     Gradually  it  was  recognized  that  many 
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substances,  not  soluble  in  water,  not  affecting  plant  colors,  eUJ 
could,  however,  affect  acids.     Such  substances  were  the  oxides  < 
known  metals  and  a  group  of  substances  known  as  "  earths/'  * 
which  alumina  (AlaOa)  is  an  example.     In  1744,  Rouelle  emplojf 
the  term  base  to  include  alkalies,  earths,  and  oxides  of 
As  accurate  knowledge  of  chemical  facts  increased  it  became  io 
creasingly  difficult  to  classify  substances  under  the  three  he 
acid,  base  and  salt.     For  example,  the  products  of  reaction  of  ( 
tain  bases  with  acids  may  still  be  sour  or  may  color  litmus  red  i 

blue.     It  is  also  true  that  i 


M^E 


Fio,  55. 


■  tended  to  all  acids  through  his  researches  on  the  phosphoric  and 
arsenic  acids,  (See  Alembic  Club  Reprints,  No,  7.)  Furth( 
it  became  clear  that  oxides  dissolved  in  water  may  not  oi 
produce  acids,  but  also  bases.  If,  then,  we  wish  preci 
terms,  we  must  either  yield  these  or  secure  sharper  definition 
them.  The  terms  are  so  firmly  grafted  upon  our  Language  that 
their  ehminatton  is  impossible  even  were  it  desirable.  ExiKt 
definitions  arc  not,  of  course,  always  essential,  but  clear  id< 
relationship  are,  and  the  ionization  hypothesis  furnishes 
pecially  satisfactory  view  of  the  relationship  between  acida 
bases. 

If  we  take  equivalent,  e.g.,  normal,  solutions  of  hydrochli 
sulfuric,  and  acetic  acid  and   place  equal  quantities  in  contact' 
with  pieces  of  zinc  of  equal  size,  hydrogen  will  be  liberated  from 
all  three  acids  (c/,  p.  57).     This  is  a  typical  acidic  property  ai 
if  we  keep  the  temperatm^e  constant  the  relative  rate  of  evolui 


substances  not   sour   and 
affecting  litmus  may  othe 
behave    as    acidB.      We   haii 
seen   that   Lavoisier 
the  presence  of  oxygen  as 
sential    to    acids    and    looked 
upon  the  oxides   of   the  non- 
metals  as  the  true  acids.    Dav 
(1810  d  seq.)  showed  this 
to  be  incorrect  in   respect 
the    halogen    acids    and 
hydrogen   is   essential   tjQ 
possession  of  acid    propertie 
This  view  was  fuUy  conf 
by    Graham    (1833)    and 
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li^frfrogefl  may  be  considered  a  measure  of  the  relative  activity, 
ngth,  of  the  acids.  If  now  we  electrolyze  solutions  pi  these 
we  find  that  hydrogen  is  Uberated  at  the  cathode  and  close 
[euumnation  reveals  the  fact  that  hydrogen  is  the  only  constituent 
SB  in  common.  If  we  examine  their  relative  conduc- 
1  by  means  of  the  apparatus  suggested  by  Whitney  (Fig.  55) 
\  find  these  in  the  same  order  as  their  activity  upon  zinc.  The 
of  dissociation,  X*  X«,  is  also  in  this  same  order.  Taking 
bta  ac<K>unt  such  facts  aa  these  we  may  consider  that  an  acid 
any  substance  which  in  aqueous  solution,  without  hydrolysiSi 
hydrogen  ions,  as  the  sole  positive  ion.  Strong  acids 
showing  a  high  degree  of  ionization.  Weak  acids  ionise 
itly.  Acidity  is  then  due  to  hydrogen  ions  and  the  activity 
of  acids  ia  a  measure  of  the  concentration  of  hydrogen  ions. 

In  a  similar  manner  we  may  compare  the  activities,  common 

factor  and  conductivity  of  bases,  and  reach  the  conclusion  that 

abase  is  any  substance  which  in  aqueous  solution^  without  hy- 

fundshes  hydroxyl  ions.     The  concentration  of  hydroxyl 

determines  the  activity  of  a  base.     The  oxides  which  react 

"litli  acids  to  produce  salts  may  therefore  be  regarded  as  basic 

.fhile  tboee  which  react  with  bases  are  acidic. 

Neutralization. — When  a  solution  of   a  strong  acid   (e.g., 

8G)  is  added  dropwise  to  a  solution  of  a  strong  base,  e.g,,  NaOH, 

fpadually   the  base  loses  its  characteristic  effect  on  litmus  and 

I  Dttirtse  the  acid*     If,  now,  the  solution  be  evaporated  to  dr>Tiess, 

I  i nosidue  of  salt  is  formed.    We  may  express  this: 

NaOH  +  HCl  -^  NaCl  +  H,0. 

ly,  however,  the  situation  is  more  complex,  since  we  have 
T±  Na**  +  OH'  and  HCl  4=^  H^  +  CF,  (See  table,  page  1750 
is  a  non-conductor  and  but  slightly  ionized,  hence  H**  + 
HtO  and  consequently  both  acid  and  base  lose  their  char- 
acteristic behavior,  since  only  negligible  quantities  of  hydrogen 
and  hydroxide  ions  remain.  On  the  other  hand,  Na°  +  CI'  ^ 
NaCl  only  to  a  moderate  degree  when  in  solution  and  complete 
oonversion  to  salt  is  only  effected  by  complete  removal  of  water. 
Thii  picture  of  the  process  of  neutralization  is  to  a  very  great 
^isleEDt  confirmed  by  the  fact  that  very  dilute  solutions  of  different 
,  hence  completely  ionized,  give  the  same  heat  of  neutral- 
ition,  rt>.:    IZJOQ  cal.  per  gram  equivalent,  since  water  alone 
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is  formed;  whereas  concentrated  acids  with  concentrated 
give  varying  beats  of  neutralization^  as  should  be  the  case  if,  inl 
addition  to  water,  salts  of  different  heats  of  formation,  are  pio* ! 
duced.  Confirmation  is  also  brought  forward  by  the  fact  that 
dilute  solutions  of  salts  may  be  mixed  with  no  change  of  tempe*  I 
ature,  as  was  shown  to  be  the  case  in  1841  by  Hess  (Law  of  | 
Thermo-neut  rality )  * 

indicators. — There  are  certain  compounds  which   have  oisej 
color  in  acid  solution  and  a  different  color  in  alkaline  solut 
These  are  known  as  indicators.     The  greater  number  of 
organic  compounds,  though  certain  inorganic  substances  vary" 
color  under  the  conditions  cited »     The  indicators  most  eommoo. 
employed  at  present  are  litmus  —  red  in  acid,  blue  in  basic  soltt- 
tions;  phenolphthalein  —  colorless  in  acid,  red  in  basic  solution; 
methyl  orange  —  rose  red  in  acid,  yellow  in  basic  solutions;  Conp 
red  —  red  in  basic,  blue  in  acid  solutions^ 

A  neutral  solution  is  one  in  which  the  concentration  of  hydroxyl  1 
and  of  hydrogen  ions  is  equal.  Since  the  ionization  of  water  ii  I 
but  one  part  in  ten  million  a  very  slight  increase  in  the  conceo*! 
tration  of  either  ion  very  nearly  completely  suppresses  the  ioni^j 
zation  of  the  other.  If  then  an  indicator,  very  sensitive  to  the 
presence  of  an  excess  of  hydroxyl  ions,  is  added  to  a  solution  of 
.  an  acid  and  a  base  is  slowly  added,  as  soon  as  all  hydrogen  iocs 
are  converted  to  water  a  very  sUght  excess  of  hydroxyl  ions  will 
change  the  color  of  the  indicator.  The  operation  may  be  reverBed 
by  adding  acid  to  a  base,  using  an  indicator  very  sensitive  to  m 
excess  of  hydrogen  ions.  The  operation  of  thus  ascertaining  tbe 
concentration  of  an  unknown  solution  by  using  one  of  knonB 
concentration  together  with  an  indicator  is  known  as  titrattoiL 
The  method  is  frequently  employed  for  quantitative  anal3rsia  and 
may  be  used  for  other  substances  than  acids  and  bases.  M 

The  substances  listed  above  are  by  no  means  the  only  indi*  ■ 
cators  and  literally  hundreds  of  plant  extracts,  such  as  an  infusion 
of  red  cabbage,  of  violets,  etc.,  are  subject  to  such  color  changei. 
Litmus  is  nearly  equally  sensitive  to  both  hydrogen  and  hydroxyl 
ions*  It  is  estimated  that  a  concentration  of  O.Otl  gram  molecules 
per  liter  of  hydrogen  ions  or  of  from  O.O&l  to  0.0«1  gram  molecules 
per  liter  of  hydroxyl  ions  will  affect  its  color.  The  corresponding 
concentrations  are  for  phenolphthalein  0,0:1  for  hydrogen  ions  and 
O.O4I  for  bases;    for  methyl  orange  O.U3I  for  acids  and  0,Q»1  for 
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For  a  discussion  of  the  theory  of  indicators  see  Stieglitz, 
Ant  Chern.  Jour.,  vol.,  39  (1908), 


Solta.  —  When  a  base  is  neutralized  by  an  acid  we  have  water 
fonned  and  a  more  or  less  extensive  union  of  the  remaining  ions 
according  to  the  dilution  of  the  solution.     This  union  of  course 
I  becomes  complete  upon  removal  of  the  water.     In  the  case  above 
KaOH  +  HCl  -^  H2O  +  NaCl,    we    have    common    salt. 
iBmilar  products  resulting  from  other  acids  and  bases  are  known  as 
I  nits.    We  may  therefore  say  that  a  salt  is  the  product,  other  than 
titer,  when  a  base  reacts  with  an  acid.     This  view  of  the  nature 
of  a  salt  is  particularly  happy,  since  we  group  a  large  variety  of 
tabsUnces  under  this  head.     When  equivalent  concentrations  of 
acids  and  bases  react  with  each  other  the  salt  produced  is  called 
a  neutral  salt  without  regard  to  the  behavior  of  the  salt  toward  in- 
dicators when  in  solution  (r/.  hydrolysis,  p.  182).     We  may  have 
other  sorts  of  salts.     For  example,  we  may  add  to  a  fixed  quantity 
l'0(  sulfuric  acid  sufficient  sodium  hydroxide  to  just  half  neutralise 
lit.    If  we  now  remove  the  water  by  evaporation  we  have  a  salt, 
I  H,80i  +  NaOH  ^  NaHB04  +  HjO.     Salts  of  this  type  which  still 
;  contain  a  part  of  the  acid  hydrogen  are  called  acid  salts.     Other 
mmples   are   furnished   by   the   salts   NaHiPO*   and   NasHPO(, 
Similarly^  we  may  have  basic  salts  which  still  retain  a  portion  of 
I  the  anneutralized  hydroxyl  of  the  base.     Examples  are  furnished 
Pky  the  basic  salts  of  lead,  bismuth,  copper,  etc.  {q,v).     Obviously, 
'rom  the  above  considerations,  it  should  be  possible  for  salts  to 
be  formed  by  partial  neutralization  of  a  polybasic  acid  by  each 
I  of  two  bases,  or  of  a  polyacid  base  by  two  acids  and  so  obtain 
[filized  salts.     Examples  are  sodium  potassium  sulfate  (NaKSO*); 
Rochelle  salts  (NaKC|H40«);    bleaching  powder  {CaClOCl),  etc. 
Also  since  one  salt  may  unite  with  another,  as  will  be  shown  later^ 
{Me  molecular  compounds),  we  have  also  a  class  of  salts  known 
M  double  salts.     Examples  are  potassium  ferrocyanide,  KiFeCCN)*, 
alum,  KAKSOOi.  etc. 


Other  MethfMis  of  Salt  Formation,  —  Though  salts  may  be 

as  produced  by  reaction  between  a  base  and  an  acid, 

are  many  methods  by  means  of  which  the  same  compounds 

be  obtained.     The  following  list  gives  the  more  important 

"rf  these  together  with  an  equation  illustrative  of  each  method. 


2. 
3. 
4. 
6. 
6. 
7. 
8. 


Neutralization  of  acid  by  a  base:    NaOH  +  HCl  - 

An  acid  and  a  met^I:  Zn  +  2HC1  ->  ZnCIf  +  Hf. 
An  acid  and  an  oxide:  CuO  +  HjSO*  -^  CUSO4  +  HA 
A  salt  with  an  acid:  NaCl  +  HjSO*  ->  NaHS04  +  HQ, 
A  salt  with  a  base:  KjSO^  +  Ba(OH)i  -^  Bb&O^  +  2K0E 
A  salt  with  a  salt:  KCl  +  AgNO,  ^  AgCl  +  KNO,. 
By  direct  union  of  the  elements:  Au  +  3C1  — ^  AuCU. 
By  displacement  of  one  metal  by  another:  Zn  +  CuSOi-*' 
ZnSO*  +  Cu. 


IHydroIysM,  —  It  will  be  recalled  that  one  of  the  important  chemi- 
cal properties  of  water  is  called  hydrolysis  and  its  discussion  wu 
deferred,     (See  p.  8L)     We  are  now  in  a  position  to  discuss  the 
subject.     When  neutral  salts  are  dissolved  in  water  and  tested 
with  litmus  we  find  no  reaction  in  some  cases,  e.g.,  oonimoo  salt 
and  potassium  chloride;    in  other  cases  the  reaction  is  acid,  €.Q^f 
I        copper  suliate  and  ferric  chloride;  in  still  other  cases  the  reaction 
H    is  basic,  e,g.,  sodium  earbooate  and  sodium  borate.     In  terms  of 
^    the  ionization  hypothesis  this  behavnor  of  salts  is  to  be  expected  from 
a  conaideration  of  neutralization  as  a  reversible  reaction,  thus 

■  NaOH  +  HCl  i=£  NaCl  +  H,0. 

It  is  assumed  that  while  the  ionization  of  water  is  slight  (see  ptge 
175)^  yet  there  are  hydroxyl  and  hydrogen  ions  present  and  the 
complete  statement  of  the  equilibrium  may  be  expreeaed: 

^  (NaOH  i=t  Na°  +  OH')  +  (H°  +  CI'  i^  HCl) 

~  :^  (NaCl  ^  Na°  +  CI')  +  (H,0  ^  H°  +  O'H). 

Since,  however,  sodium  hydroxide  and  hydrochloric  acid  are  nearij 
equally  ionized  (c/.  p.  175),  there  is  no  great  excess  of  either  hy- 
droxy! ions  or  of  hydrogen  ions.     The  reaction  is  then  neutral* 
»  However,  we  may  have  an  equilibrium  of  the  type: 
(Cu(0H)3  ^  Cu^*'  +  20H')  +  (2H^  +  SO/'  ^  HjSO*) 
^  (Cu^'*  +  SO4"  ^  CuSOi)  +  2(H^  +  OH'  i±t  HiO). 
In  this  equilibrium  we  have  a  weak  base  and  a  strong  acid  and  heiM' 
an  excess  of  hydrogen  ions,  hence  the  acid  reaction.     In  a  third 
case  we  may  have 

(Na^  +  OH'  ^  NaOH)  +  (2H^  +  CO3"  ^  H,CO,) 
i=t(2Na*  +  C0,"?=±  NatCO»)+  2(H'*  + 
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fiere  we  nave  a  strong  base  with  a  weak  acid  and  hence  an  excess  of 
kydroxyl  ions  with  consequent  basic  reaction. 
A  fourth  case  may  be  distinguished*  Suppose  it  were  possible 
I  to  make  a  solution  of  a  salt  of  a  weak  base  with  a  weak  acid.  We 
lid  expect  that  in  such  case  hydrolysis  would  effect  complete 
tion  since  both  hydroxy!  and  hydrogen  ions  would  be  with- 
fdrawn  to  form  the  undissociated  baae  and  acid.  Consequently, 
when  the  attempt  is  made  to  form  such  salts  in  solution  or  to  dis- 
solve them  in  water  hydrolysis  effects  practically  complete  decom- 
position. Examples  of  such  salts  are  aluminium  carbonate,  ferric 
acetate,  etc.  Complete  dissociation  of  such  salts  is  further  favored 
if  one  or  both  of  the  products  of  hydrolysis  are  insoluble. 

We  may  then  classify  the  behavior  of  neutral  salts  with  water 
aa  follows: 

1.  Strong  acids  with  strong  bases  give  salts  neutral  in  solution. 

2.  Strong  acids  ii^itb  weak  bases  give  salts  acid  in  solution. 

3.  Weak  acids  with  strong  bases  give  salts  basic  in  solution. 

i   Weak  acids  with  weak  bases  give  salts  completely  decom- 
posed by  water. 

Since  acids  and  bases  of  all  degrees  of  dissociation  exist  it  will  be 

ohvious  that  though  we  may  distinguish  the  above  classes  of  salts 

>'et  examples  will  occur  where  any  degree  of  hydrolysis  may  be 

ioand.    Only  where  equally  strong  acids  and  bases  form  a  salt 

will  exact  neutrality  be  found.     In  such  cases  as  sodium  chloride 

or  fodhmi  sulfate  the  variation  from  neutrahty  is  not  sufficient 

U>  be  indicated  by  litmus.     The  situation  may  be  shown  as  a 

MkiLQuous  series  by  the  following  diagram: 


I 


strong  acids 
alight  hydrolysis 

moderate  hydrolysis 

weak  acids 

great  hydrolysis 

strong  bases 

weak  bases 

Amphoteric  Substances. — ^A  very  interesting  example  of 
continuity  is  furnished  by  the  difficulty  of  determining  whether  a 
Pven  substance  is  an  acid  or  base.  An  illustration  will  be  helpful : 
^  altimimum  hydroxide  is  treated  with  an  acid  it  dissolves  to 
brmasalt: 

Al(OH)i  +  3HC1  ->  AlCl,  +  SHjO, 


I 
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It  also  di^oIvQs  in  baaa 


This  behavior  of  the  hydroxide  is  basic, 
to  form  salts : 

Al(OH)j  +  3NaOH  -^  Al(ONa)i  +  3H,0- 


This  behavior  is  acidic.    In  terms  of  the  ionization  hypothans  n 
must  have  with  Al(OH)s  the  foUowing  equilibrium  in  aolutioii: 

AlO/"  +  3H^  ^  Al(OH),  i=^  Al*^^  +  30H'. 

It  is  then  at  one  and  the  same  time  acidic  and  basic.  This  sort ' 
of  behavior  is  not  unusual  and  substances  showing  both  addic 
and  basic  behavior  are  called  amphoteric  (a^^or^Kx  =  both  d 
two).  We  may  then  regard  compounds  which  are  capable  of 
furnishing  both  hydrogen  and  hydroxyl  ions  as  forming  a  series  m 
illustrated  by  the  diagram: 


acids 


furnishing  R°  only 


amphoteric  substances 


furnishing  both  H°  and  OH' 
at  the  same  time 


bases 


furnishing 
OH'  only 


Chemical  Activity  of  Aqueous  Solutions  *  —  Attention  bsaj 

already  been  directed  to  the  **  catalytic  "  effect  of  water  in  hasten- 1 
ing  the  rate  of  certain  reactions  (p,  57  and  p.  81).  It  is  also  tnitj 
that  in  many  cases  the  character  of  the  change  which  takes 
is  affected  by  the  presence  of  water.  For  example:  If  ammo- 
nium carbonate  and  copper  nitrate  are  heated  together  while 
dry  a  very  complex  reaction  takes  place.  The  products  of  the 
reaction  are  cuprous  oxide,  cupric  oxide,  carbon  dioxide,  nitrous 
oxide,  nitric  oxide,  nitrogen,  and  ammonia.  On  the  other  hand^  if 
solutions  of  the  two  salts  are  mixed  immediate  reaction  takes  plaee^ 
without  heating.  The  reaction  may  be  expressed  by  Cu(NOi)i  + 
(NH4)tCO,-»2NH4N0i  +  CuCO|.  The  copper  carbonate  is  pre- 
cipitated. 

Many  other  cases  might  be  cited  in  which  a  similar  catalytiaj 
and  directive  effect  of  water  is  evident.     In  practically  all 
investigation  shows  that  we  are  deahng  with  electrolytes.    In 
terms  of  the  ionization  hypothesis  the  explanation  is  simple.    If| 
solutions  of  electrolytes  already  contain  free  charged  ions  and 
such  solutions  are  mixed  then  reaction  between  ions  of  opp 
type  occurs  at  a  rate  and  to  an  extent  which  depends  upon  the 
original  concentration  of  the  ions  present  and  the  degree  of  ion* 
ixation  and  the  solubility  of  the  resulting  products.    If  now  by 
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the  formation  of  slightly  ionized  or  insoluble  substances  the  ions 
originally  present  are  removed,  the  principle  of  chemical  equilib- 
rium should  operate  to  cause  continual  ionization  of  the  original 
flubetances  in  solution.  Such  reactions  in  solution  should  be  rapid 
since  only  this  readjustment  of  free  moving  particles  is  accom- 
plished. The  possibility  that  catalytic  and  directive  effects  of 
water,  as  shown  by  aqueous  solution,  may  be  due  simply  to  the  inti- 
macy of  contact  thus  secured  is  excluded  for  the  following  reasons; 
All  aqueous  solutions  do  not  show  rapidity  of  reaction  in  excess 
of  that  shown  in  the  dr>^  state.  Also  solvents  other  than  waterJ 
should  act  in  like  manner,  and  such  is  not  the  case*  For  example, , 
iodine  and  yellow  phosphorus  in  the  dry  state  react  vigorously. 
Solutions  of  these  elements  in  carbon  disulfide  react  only  slowly. 
The  argument  might  be  extended  and  examples  multiplied  with 
the  result  as  stated:  The  catalytic  effect  of  water  in  hastening  the 
chemical  reactions  of  electrolytes  and  the  directive  effect  of  water 
on  the  character  of  the  reactions  produced  depend  on  the  presence 
of  the  free  lans  of  the  electrolytes  la  solutioa. 

Summary.  —  We  may  now  summarize  the  facts  and  hypothe 
considered  in  this  chapter. 

From  the  fact  that  in  general  equimolecular  concentrations  of 
compounds  have  the  same  quantitative  effects  upon  the  osmotic 
pressure,  boiling  point,  and  freezing  point  of  solutions  (when  these 
aohitions  are  not  electrolytes),  we  have  the  hypothesis  advanced  as 
an  explanation :  Substances  in  solution  behave  as  if  they  were  in 
gaseous  condition  coniBed  to  the  volume  of  the  pure  solvent 
(called  van*t  Hoff's  Theory  of  Solution). 

The  apparent  exceptions  to  this  general  statement  furnished 
by  electrolytes  are  brought  into  conformity  with  it  through  the 
assumption  of  Arrhenius,  that  in  the  latter  easels  ionization  takes 
place  to  a  greater  or  less  degree  and  the  **  abnormal  **  results  are 
due  to  the  increase  in  the  number  of  component  parts  of  the  solute. 
The  advantages  of  this  explanation  are  that  it  furnishes  a  means  of 
correlation  of  not  only  the  facts  of  osmotic  pressure,  freezing  points 
and  boihng  points,  but  also  of  electrolysis  and  the  catalytic  and 
directive  effects  of  water  as  a  solvent. 

The  latter  hypothesis  also  lends  plausible  explanation  to  the 
processes  of  neutralization  and  hydrolysis  and  furnishes  us  with  arti  • 
ficial  means  of  determination  of  the  Emits  of  classes  of  compounds 
not  otherwise  readily  defijied.    The  hypotheses  also  have  stimulated 
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chemistB  to  make  numerous  investigations  which  have  led  to  th« 
discovery  of  many  valuable  facts  and,  as  will  appear  subsequently^ 
promise  to  make  possible  mathematical  expression  of  chemical  factJ 
to  a  degree  not  at  present  attainable  by  other  means.     It  is  pert 
unfortunate  that  in -some  respects  the  hypotheses  are  bizarre  ; 
are  not  in  accord  with  known  facts  and  that  some  problems  whict 
ought  to  be  solved  by  use  of  them  are  still  not  capable  of  solution/ 
There  are  not  a  few  chemists  who  for  reasons  which  seem  sufficient 
to  thera  refuse  to  accept  the  hypotheses  and  deny  both  their  va-^ 
lidity  and  utility  and  consequently  a  fair  presentation  of  the  subjeclj 
could  not  be  made  without  calling  attention  to  some  of  these  point 

Objections    ta  Arrhenius*   Hypothesis,  —  It  ia  not  the 
purpoTO  to  preeent  a  full  discuasion  of  these  objectiona  nor  to  attempt  to 
gatiafactorily  all  those  cited,  but  simply  to  indicate  the  character  of  them 
the  direction  from  which  satiafactory  answers  may  come; 

L  When  sutch  a  subetance  as  eoEnmon  salt  ionizes  the  iona  c&d  scaroely  bt^ 
oonBidered  as  anything  but  sodium  and  chlorine^  and  even  though  the  iona  are 
carrying  charges  of  clectricily  we  might  expect  that  the  behavior  of  the  aubstanoei 
would  more  dosely  resemble  their  ordinary  modes  of  action;  yet  sodium  ions  andj 
chlorine  ions  are  very  soluble  and  without  any  of  the  ordinary  charactmstica  ci 
the  corresponding  dementa.  Of  course^  we  realixe  that  96,600  ooulomhi  rf 
electricity,  if  present  on  an  equivalent  weight  in  grams  of  an  ion,  may  reasooafaly 
be  sufficient  to  materially  affect  the  behavior  of  the  ion  as  compared  with  the 
same  substance  minus  that  charge^  and  also,  as  we  shall  see,  if  the  electromo 
hypotheeia  {q,v,}  ia  correct,  the  ions  are  different  substances  m  fact  from  ths 
atoms  of  which  they  are  chiefly  composed. 

2.  If  the  ions  are  sufficientty  free  smd  independent  to  act  as  individual  mole* 
ouleSi  in  the  aenae  demanded  by  the  gaa  laws,  and  yet  carry  such  rdativdy 
enormoufl  static  electrieal  charges,  how  can  they  remain  free  in  view  of  the  known  « 
tendency  of  electrical  charges  of  opposite  sign  to  attract  and  mutually  deetro^rf 
each  other? 

A  partial  answer  to  this  is  found  in  the  presumption,  not  of  a  static  conditioa 
of  the  ionitation,  but  of  a  kinetic  equilibrium,  t'.s.,  the  ions  do  continually  meet 
and  discharge  each  other »  but  what  we  measure  is  the  ratio  of  diflcharged  to 
charged  ions  under  given  conditlonfi.  It  is  also  assumed  that  the  solvent  actually 
tends  to  insulate  the  ions  in  the  same  manner  that  the  walls  of  a  Leyden  jar 
insulate  the  charges  of  static  electricity  and  Nerost  and  Thompson  attempt  to 
relate  the  degree  of  ionifing  capacity  of  a  solvent  with  its  insulating  power,  iti 
dielectric  constant,  but  it  must  be  confessed  that  a  wholly  satisCaetory  answer  to 
the  objection  b  not  at  hand  unless  it  be  found  in  the  hydration  theory  (g.v.). 

3.  If  an  ionised  compound  is  a  mixture  of  gaseous  particles^  why  are  they 
not  separable  into  their  components  by  diffusion  processes?  The  answer  to  this 
objection  is  happily  partly  reached  by  experimental  evidence  that  such  is  the 
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€.g.t  in  the  preparation  of  one  type  of  the  con  cent  ration  cell  (^.p.),  the  moet 

[  explaaatioD  of  which  m  through  the  assumption  of  such  ctiffuiiion.     That 

separatioEn  of  ions  by  difTusion  is  not  readily  accomplished  is  abo  to  be  ex< 

because  of  the  high  electrostatic  chargee  assumed  to  be  present  upon 

I  IOD0. 

4.  If  we  oooflider  that  many  acidfl,  bases  and  salts  which  are  highly  ionised 
\  solution  are  exothermic,  it  ia  to  be  expected  that  ionization  would  call  for  the 

ption  of  energy  and  a  very  reasonable  query  iit  as  to  the  source  of  supply  of 

I  energy.     No  whoUy  satisfactory  answer  is  at  hand,  but  it  haa  been  suggested 

at  both  the  solute  and  the  ions  may  unite  with  the  solvent  and  the  energy  of  this 

18  available  for  the  separation.     Indeedi  very  considerable  evidence  is  st 

1  to  show  that  such  union  actually  doen  take  place.     (8ee  Hydrate  Theory.) 

5.  L.  Kahlenberg  (Jour.  Phys.  Chem.,  VoL  5,  p,  339)  cites  the  most  serious 
!  of  objections  in  which  he  shows  that  concordant  results  for  measurement  of 
I  degree  of  ionization  are  not  shown  by  the  three  methods  of  determining  the 

!  and  that  chemical  activity  of  the  catalytic  and  directive  type  cited  on  p.  184 
not  shown  by  electrolytes  alone.  He  also  shows  that  increased  conductivity 
I  not  always  a  function  of  the  dilution,  as  is  demanded  by  the  hypothesis.  In 
bortf  be  is  so  unsatisfied  with  respect  to  the  accord  between  fact  and  hypothesis 
that  he  rejects  as  relatively  useless  not  only  the  hypothesis  of  Arrhenius,  but  also 
that  of  van't  Hoff  and  subsequently  (Jour.  Phys,  Chem,,  VoU  7)  the  conception 
of  osmotic  pressure  as  anjrthing  other  than  a  special  measure  of  the  chemical 
affinity  between  solute  and  solvent.  The  whole  situation  may  now  be  summed  up 
as  follows: 

The  ionisation  and  related  hypotheses  are  by  no  means  a  Batisfaotory  and 
Gomplete  picture  of  the  relation  between  solute  and  solvent  in  the  group  of 
■nbstanoes  which  we  classify  under  the  head  of  solutions.  That  it  is  an  approxi* 
oifttKm  toward  a  true  picture  few  deny,  It  is  to  be  hoped  that  from  the  com- 
bmation  of  Werner's  theory  iq.v.),  the  Solvate  theory  (q.v.),  and  the  theory  of 
Electrons  (^.c),  may  be  bom  a  view  wholly  consistent  with  fact,  more  useful  for 
corr^tive  purposes  and  for  prophecy  than  is  the  present  view. 

Exercises.  —  1*  If  a  1  per  cent  augitr  solution  at  0**  shows  an 
osmotic  pressure  of  518.8  mm.  of  mercury,  calculate  the  molecular 
weight  of  sugar.     Also  express  the  molar  strength  of  the  solution. 

2,  From  the  solubility  of  common  salt  calculate  the  osmotic 
pressure  of  a  saturated  solution  at  0*  C>,  assuming  that  no  dissocia- 
tion takes  place.  Also  calculate  the  osmotic  pressure,  assuming 
50  per  cent  dissociation. 

3.  If  a  molar  solution  of  common  salt  is  67.6  per  cent  dissociated, 
calculate  the  osmotic  pressure  at  18°  C. 

4,  If  0.23  g.  of  alcohol  in  100  cc,  shows  an  osmotic  pressure  of 
1.12  atmospheres,  what  is  its  molecular  weight? 

5.  If  alcohol  shows  a  "  normal  "  effect  on  the  freezing  point 
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of  water^  what  is  the  freezing  poiot  of  the  aolution  cited  in  Eset* 
cise  4? 

6.  If  0.2735  gram  of  hydrogen  peroxide  dissolved  in  19.86  gmQi 
of  water  shows  a  lowering  of  the  freezing  point  0.746'*  C,  what  ia 
the  indicated  molecular  weight?  What  might  be  the  cause  of 
the  deviation  from  the  exact  molecular  weight  "obtained  from 
analysis"? 

7.  If  2.423  grams  of  sulfur  dissolved  in  lOO  grams  of  naphthale 
show  a  lowering  of  the  freezing  point  of  0.641*',  what  is  the  molecular 
weight  of  the  sulfur?  What  is  the  apparent  molecular  complexitf 
of  sulfur? 

8.  A  solution  of  a  non-eIectrol3rte  in  water  has  a  concentration 
of  3.15  grams  in  100  cc-  and  a  freezing  point  of  —0.279'*  C.  Whal 
is  the  molecular  weight? 

9.  Copper  sulfate  in  molar  concentration  in  water  shows  a 
freezing  point  depression  of  2.3^  C,  What  is  its  percentage  ionifii- 
tion? 

10.  What  should  be  the  boiling  point  of  a  solution  of  10  gramB 
of  sugar  dissolved  in  100  grams  of  water? 

11.  The  boihng  point  of  54,65  grams  of  carbon  disulfide  is 
raised  0.486*'  by  1.448  grams  of  phosphorus.  What  is  the  molec- 
ular weight  of  the  phosphorus  and  what  is  the  atomic  complexity 
of  the  molecule? 

12.  What  is  the  boiling  point  of  a  normal  salt  solution,  provided 
the  ionization  at  the  boiling  point  were  the  same  as  at  18**? 

13.  42.5  grams  of  lithium  chloride  (LiCl)  in  500  cc-  of  water 
has  a  boiling  point  of  100.97°.     What  ia  the  degree  of  dissociationf 

14.  What  number  of  coulombs  of  electricity  will  be  require 
to  decompose  5  grams  of  copper  sulfate;  how  many  to  decompose 
3  grams  of  water? 

15.  Explain  in  terms  of  Arrhenius'  hypothesis  the  interaction 
of  iron  and  copper  sulfate;  of  silver  nitrate  and  sodium  chloride; 
of  zinc  and  hydrochloric  acid. 

16.  State  clearly  the  relatioti  between  the  ionization  hypotheat 
and  the  facta  of  osmotic  preasure,  freezing  point  depression,  boil- 
ing point  elevation^  electrolysis  and  catalytic  effects  of  water, 

17.  Define  the  term  *'  ion  ^'  in  terms  of  hypothesis  and  ita 
terms  of  fact. 

18.  Make  a  list  of  the  properties^  physical  and  chentucal,  of 
the  following  ions:    Cu^^  H^  K*,  I',  C\\  OH', 

19.  Make  a  table  of  the  salts  mentioned  in  the  text  up  to  the 
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end  of  Chapter  IX  and  classify  them  as  neutral,  acid,  basic,  mixed 
or  double. 

20.  May  neutral  salts  be  acid  id  reaction  when  in  solution? 
Why?  Can  an  acid  salt  be  alkaline  in  reaction  when  in  water? 
Why? 

21.  If  X»  of  copper  sulfate  is  156  and  K  ie  110,  what  is  the 
degree  of  dissociation?  What  effect  is  produced  by  increasing  and 
what  by  decreasing  the  concentration? 

22.  Calculate  the  value  of  the  ionization  constant  for  acetic 
acid  for  normal  and  N/10  concentrations. 

23.  State  exactly  what  is  meant  by  the  terms  strong  acid,  and 
strong  base  in  (a)  terms  of  the  ionization  hypothesis  and  (b)  facts. 

24.  If  the  ionization  hypothesis  does  not  harmonize  with  known 
facts,  why  is  it  not  rejected? 

25.  Define  acid,  base,  salt,  neutral  salt,  basic  salt,  mixed  salt, 
using  the  terms  (1)  *'  the  formula  of  which  csontains,'*  (2)  '*  which 
ionizes  into,"  and  (3)  **  is  formed  by." 
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CHAPTER  X 

OXYGEN  ACroS  OF  THE  HALOGENS 

Freparation  of  HypachlarouM  Acid  and  I  in  Salts* — An  ftl* 
ready  mentioned  (p.  121}  chlorine  when  dissolved  in  water  reacts  if 
indicated  by  the  etiuation,  CI.  +  H3O  ^  HCIO  H-  HCl.  This  equi- 
librium  is  not  self-evident,  since  the  solution  shows  the  charaetetiilic 
color  and  odor  of  chlorine  (c/*  also  p.  131).  Small  quantities  of  acid 
exist  in  the  solution  as  indicated  by  the  fact  that  litmus  solution  is 
reddened  by  it  before  being  bleached.  Also  small  quantities  of 
bypochlorous  acid  may  be  obtained  by  distillation.  In  such  an 
equilibrium  system  we  should  expect  that  treatment  with  a  sub- 
stance capable  of  reacting  with  the  stronger  acid,  HCl,  but  not 
readily  with  the  weaker  would  disturb  the  system  in  the  direction 
of  the  arrow  (— ►).  This  result  is  obtained  when  the  system  ifl 
treated  with  either  mercuric  oxide  or  with  calcium  carbonate  in 
suspension  in  water.     We  may  express  the  results  by  the  equations: 


(1)  2a,  +  HiO  +  HgO  ' 

(2)  2CU  +  H,0  +  CaCO, 


HgCl,  +  2HC10. 
>  CaClt  +  2HC10  +  CO,. 


Equation  (1)  may  be  written  in  two  steps: 

H,0  +  CI,  -t  HCl  +  HCIO, 
2HC1  +  HgO  -^  HgCl,  +  H,0. 


By  addition  of  these  two  equations  we  get  equation  (1)  above, 

Hypochlorous  acid  may  be  separated  from  such  mixtures  in  the 
form  of  a  dilute  aqueous  solution  by  careful  distillation.     It  b  a 

•   very  weak  acid  and  is  also  unstable  {vide  p*  192). 
If  we  add  chlorine  to  a  dilute  solution  of  a  base  both  acids  are 
neutralized  as  fast  as  formed.     A  mixture  of  salts  is  thus  obtained 
This  may  be  indicated: 

L(l)  HtO  +  a,  -^  HCl  +  HCIO, 

(a)  HCl  +  KOH  -^  KCl  +  H,0, 

CS)  HCIO  +  KOH  ^  KCIO  +  HaO. 
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By  addition  we  have, 

2K0Hf+  CI,  -►  KCI  +  KCIO  +  H.O, 

Solutions  of  this  type  have  powerful  bleachiDg  properties.  The 
one  indicated  above  was  first  prepared  in  1785  by  Berthoilet. 
Later  it  was  manufactured  in  large  quantities  at  Javelle  for  bleach- 
ing purposes.  It  was  therefore  caUed  Eau  de  Javelles.  About 
1820  it  waa  found  that  eodium  hydroxide  could  be  used  instead  of 
potassium  hydroxide  and  the  bleaching  solution  was  known  as 
Labarraque's  solution.  At  a  still  later  date  it  waa  found  that  the 
stiD  cheaper  base,  calcium  hydroxide,  Ca(OH)a,  could  be  employed. 
In  this  case  it  is  possible  that  both  acids  may  take  part  in  the 
neutralisation  of  a  single  molecule  of  the  base^  giving  a  mixed  salt. 
This  may  be  indicated: 

HCIO       _    ^ClO 


Ca(OH),  + 


HCl 


-»Ca' 


a 


+  2H,0, 


^ 


This  Bubstance  is  readily  prepared  in  the  dry  condition  by  paning 
chlorine  through  slaked Jime: 

.CI 

Ca(OH),  +  CI,  -*  Ca  (        +  H,0. 


^ 

» 


This  substance  is  known  as  bleaching  powder.  (That  the  powder  is 
really  a  mixed  salt  and  not  a  mixture  of  calcium  chloride,,  CaCU^ 
and  of  calcium  hypochlorite,  Ca(C10)i»  is  indicated  by  the  fact 
that  it  is  not  deliquescent  and  is  almost  wholly  insoluble  in  alcohol. 
Calcium  chloride  is  both  deliquescent  and  soluble  in  alcohoL) 

It  is  probable  that  the  reaction  last  indicated  is  not  complete. 
If  complete  the  substance  when  dry  should  contain  about  49  per 
cent  of  **  available  chlorine  '^  (see  reactions  1  and  2  below).  As  a 
matter  of  fact  only  with  the  greatest  care  can  the  percentage  of 
chlorine  be  raised  to  43  per  cent  and  the  commercial  bleaching 
powder  ordinarily  contains  but  36  to  38  per  cent.  The  powder  is 
probably,  therefore,  a  mixture  of  approximately  2CaClOCl  and 
Ca{OH)i,  i.f.,  two-thirds  of  the  lime  used  is  converted  to  the  mixed 
salt.  Such  mixtures  are  sometimes  expressed  by  formuLe,  thus: 
2CaOClCl  •  Ca{OH)-i. 

Bleaching  powder  is  manufactured  on  an  enormous  scale  and  i^ 
used  for  purification  of  water,  as  a  disinfectant  and  as  a  bleaching 
agent*    The  bleaching  effect  is  due  to  the  formation  and  subsequent 
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decomposition  of  hypochloroua  acid  (vide  infra).    The  formatioii 
of  hypochlorous  acid  may  be  accomplished  by  hydrolysis.    Thus: 


.CIO 
2Ca  (        +  2H,0  -» CaCU  +  Ca(OH),  +  2HC10. 


yif  amds  are  present  the  liberation  of  hypochlorous  acid  is  moff 
rapid  and  extensive  than  in  water  alone.     The  new  process  laufi- 

•  dries  use,  instead  of  bleaching  powder,  a  salt  solution  which  hasbefu 
electrolyzed.  Electrolysis  produces  sodium  hydroxide  and  chlorine, 
according  to  the  equation  2NaCl  +  2HaO  ^  2NaOH  -h  Cli  +  H^ 
The  chlorine  and  sodium  hydroxide  react  to  produce  hypochlo- 
rite and  chloride,  2NaOH  +  CI*  -*  NaClO  +  NaCl  +  H,0,  The 
electrolyzed  solution  is  therefore  Labarraque's  solution.  It  is  said 
■  to  be  cheaper  than  bleaching  powder,  which  is  ujsed  for  the  same 
purpose^  and  also  to  cause  less  damage  to  faljric?. 

If  bleaching  powder  is  treated  with  strong  acids  chlorine  is 
liberated.  The  reactions  taking  place  are  probably  those  indicated 
by  the  following  equations: 

L  Ca  (        +  HjSOt  -^  CaSO*  +  HCl  +  HCIO, 

'2.  HCl  +  HCIO  ^  H|0  +  C!i. 

Properties  of  Hypochiorous  Acid,  —  Hypochlorous  add  is 
known  only  in  dilute  aqueous  solution.  It  is  a  very  weak  add 
and  is  also  very  unstable.  It  is  capable  of  undergoing  four  differ* 
ent  kinds  of  change  according  to  eonditionSi  thus: 

(1)  2HC10  i^  2HC1  +  O,. 

(2)  2HC10i=iH,0  +  CItO. 
(8)  HCIO  ^  H^  +  CIO'. 
(4)  3HC10  ^  HClOs  +  2HCI 

It  is  probable  that  in  a  solution  in  water  these  four  reactions  are 
in  equilibrium,  or  at  least  there  is  a  tendency  to  establish  equi- 
librium of  these  types.  If  now  we  modify  the  conditions  the 
speed  of  the  various  reactions  is  not  likely  to  be  equally  affected. 
If  also  the  circumstances  are  such  that  a  given  product  is  remoi 
as  fast  as  formed  the  reaction  which  produces  it  will  be  facilitati 
Light  seems  to  hasten  reaction  (1)  more  than  the  others  and  sinc^ 
the  solubility  of  oxygen  is  small,  chlorine  solutions  when  exp 
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0  the  sunlight  liberate  oxygen.    This  is  the  reverse  of  Deacon's 
(g.t?,)  ((/.  also  p.  116).     Catalytic   agents,  such   as  silver 
B,  copper  oxide,  etc*,  also  favor  this  reaction.     This  removal 
iter  would,  of  course,  tend  to  favor  the  second  reaction  (2). 
removal  of  either  hydrogen  ions  or  hypochlorite  ions  (CIO') 
continuance  of  the  process  of  ionization,  hence  in  the  pres- 
of  bases  the  solution  behaves  wholly  as  an  acid  (e/,  p.  134). 
of  temperature  favors  reaction  (4)  more  than  the  others  and 
juently  chlorine  added  to  hot  water  produces  some,  chloric 
HClOj.     If  reactions  (1),  (2),  and  (3)  be  inhibited  by  con- 
ng  the  acid  to  a  salt,  reaction  (4)  alone  takes  place  when  the 
Btton    is   heated.     Consequently    hot    solutions   of   potassium 
oxide,  or  of  other  bases,  give  solutions  of  salts  of  both  chloric 
I  hydrochloric  acids  when  treated  with  chlorine.     These  changes 
be  represented  in  two  stages  by  the  following  equations: 

2K0H  +  Ch  —  KCl  +  KCIO  +  H|0, 
3KC10  -^  KClOa  +  2KCI 

addition   we  have  6K0H  +  3C1|  -^  KClOa  +  5KC1  +  3HjO. 
dum  chlorate,  KClOa,  is  the  raw  material  used  in  the  prepa* 
ition  of  several  of  the  other  compounds  of  chlorine. 

BlBoching. — As  noted  above  (1),  hypoehlorous  acid  decom- 
pOBes  spontaneously  into  oxygen  and  hydrochloric  acid.     If  readily 
oxidisable  substances  are  present  this  reaction  should  continue 
BO  long  as  the  oxygen  is  removed.     Many  colored  substances  are 
rt^dily  oxidized  and  the  oxidized  products  are  frequently  either 
colorless  or  less  highly  colored.     If,  then,  solutions  of  chlorine  or 
of  hypochlorites  be  brought  into  contact  with  such  colored  sub* 
itances  "  bleaching  "  results  (German   bleichen  =  to  whiten).     It 
niay  be  recalled  that  bleaching  of  clothing  is  an  ancient  house- 
bid  process  carried  out  ordinarily  by  moistening  the  cloth  and 
cxpoeing  it  to  the  action  of  air  and  sunlight.    The  reaction  is  very 
Jow.    The  process  of  bleaching  by  means  of  hypochlorous  acid 
■  very  rapid.     When  we  consider  that  in  bleaching  by  chlorine 
mf  must  first  form  and  then  decompose  hypochlorous  acid  it  may 
Hem  surprising  that  the  proce^  ib  more  rapid  than  the  action 
^free  oxygen.     Formerly  the  explanation  oflfered  was  that  oxygen 
^t  liberated  from  a  compound,  nascent,  is  atomic,  not  molecular, 
isd  is  therefore  more  active.    It  seems  more  reasonable,  however, 
wt  the  proper  explanatioQ  is  aa  follows:    bypochlorouji  acid 
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is   an   endothermic    compound.    Its   decomposition   is   therefore 
attendad  by  the  evolution  of  heat: 

2HaO  ^  2HC1  +  20  +  18,600  cal. 

We  have  already  seen  (p.  142)  that  reactions  take  place  the  morel 
readily  the  greater  the  liberation  of  energy  which  accompamei] 
them*     For  a  process  involving  the  consumption  of  a  gram  mo*  * 
lecular  weight  of  oxygen   18,600  calories  of  heat  are  produced 
with  h>^ochlorous  acid   in  excess   of  the  quantity  produced  if 
free  oxygen  is  employed.     Hypochloroua  acid  should  be  therefore, 
as  it  is,  a  more  vigorous  oxidising  agent  than  oxygen. 

Nainenciature  of  Oxides^  Oxygen  Acids^  and  Salts  cf  thi 
Halogens.  —  Below  is  given  a  table  of  the  known  compounds  of  | 
the  halogens  containing  oxygen j  together  with  the  names: 


Chlorin©. 


CliO,  chlorine  monoxide 
fCljOi) ,  chlorine  trioxide 
ClOi,  chlorine  dioxide 
(CliOi)  t  chlorine  pentoxide 
CliOj,  chlorine  heptoxide 
HCIO,  hypochloroua  acid 
HClOi,  chlorous  acid 
HClOjp  chloric  acid 
HClOt,  perchloric  acid 
MClO,  -hjT^ochlorite 
MClOi,  -chlorite 
MClOi,  -chlorate 
MC104>  -perehlorate 


BmmiDe, 


(BfiOi)^  bromine  trioxide 

(BraOi) ,  bromine  pentoxWe 
( BrjO:) ,, bromine  heptoxide 
HBrO,  hypobromous  acid 
(HBrOi),  bromous  acid 
HBrOiT  bromic  acid 

MBrO,  -hypobromite 
(MBrO,),  -bromitc 
MBrOi,  -bromate 


loditiau 


(ItO),  iodine  monoxide 
(ItOi),  Iodine  tricudde 

Wi,  iodine  peotoxide 
( IiOr),  iodine  heptoxidi  j 
HIO,  hypoiodoua  mi 
(HlOi).  lodoua  acM 
HtOj,  iodic  acid 
HIO<,  periodic  acid 
MIO.  -hypoiodite 
(MIOt),  -lodite 
MIOt,  *iodate 
MIO41  -periodate 


(Compounds  indicated  by  parentheses  are  not  yet  isolated,  biitl 
derivatives  indicating  their  existence  are  known,) 

The  oxides  of  the  halogens  are  usually  named  by  using  numeral 
prefixes  to  indicate  the  amount  of  oxygen  in  the  fonnula  weight, 
thus  chlorine  monoxide  (CUO),  chlorine  dioxide  (ClOt),  chlorine 
heptoxide  (CIjOt).  Some  of  the  oxides  bear  the  relation  to  tto 
acids  of  being  anhydrides  and  hence  at  times  nameB  indicating  thi«  , 
relation  are  used,  thus  I1O4  is  iodic  anhydride,  CUO  hypochlorousj 
anhydride,  etc. 

In  naming  the  oxygen  acids  the  ending,  ic,  usually  appended  t(^1 
a  root  form  derived  from  the  name  of  the  characteristic  element,  i*  \ 
used  to  designate  the  normal  compound  of  the  sort.     This  is  us^* 
ally  the  first  discovered  or  at  least  the  beat  known  compound  of  the 
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3up,  thus  chloric  (HClOj),  bromic  (HBrO,),  iodic  (HIO,) 
cids.  The  acid  containiDg  one  atomic  weight  less  of  ox>"gen  per 
lolecule  is  called  by  a  name  ending  in  ouSt  thus  chlorous  acid 
[ClOj),  etc.  If  other  acids  are  known  prefixes  are  used.  For 
^he  acid  containing  less  oxygen  than  the  ous  acid  the  prefix  hypo 
used  (from  vwo  =  below).  ThuB,  hypochlorous  acid  (HCIO), 
liypoiodoiis  acid  (HIO),  etc.  Acids  higher  in  oxygen  content  than 
lie  ic  acid  are  distinguished  by  the  prefix  per  (per  =  through  or 
eyond).  Thus,  perchloric  acid  (HCIO4)  etc.  It  is  especially  ad- 
irantageous  that  this  simple  system  suffices  to  carry  the  nomencla- 
lure  of  all  acids.  Later  we  shall  meet  with  modifications  of  some  of 
|these  types  but  no  change  in  the  system  here  indicated  is  involved 
(see  ortho,  met  a,  and  normal  acids). 

Salts  are  named  by  use  of  the  name  of  the  metal  prefixed  to  the 
%me  of  the  acid  modified  to  end  in  ale  for  ic  acids  and  to  ile  for 
acids,  thus  sodium  hypochlorite  (NaClO),  sodium  iodate 
(NalOi),  etc.  This  system  is  fortunately  also  uniform  for  all 
salts. 


Chlorine  Monoxiiie*  —  Chlorine  monoxide  is  an  endothermic 
compound  and  is  not  prepared  by  direct  union  of  the  elements. 
In  addition  to  the  dehydration  of  hypochlorous  acid  (not  very 
practicable)  it  may  be  obtained  by  treatment  of  freshly  prepared 
mercuric  oxide  with  chlorine.  The  reacting  materials  must  be 
kept  cold  in  order  to  prevent  decomposition  of  the  chlorine  monox- 
ide. The  reaction  is  indicated  by  2HgO  +  2CU  -*  HgaOCli  + 
ClfO-  The  gas  may  be  condensed  to  liquid  form  by  passing  it 
into  a  U  t^be  immersed  in  an  ice  and  salt  mixture.  The  liquid  is 
reddish  brown  and  boils  at  about  15°  C.  It^  therefore^  evaporates 
rapidly  at  room  temperature  to  an  orange  yellow  gas.  It  is  soluble 
in  water  (200  vol.  to  one  of  water) »  which  solution  acts  as  hypo- 
chlorous acid: 

HsO  H-  ClaO  ?=i  2HC10. 

Both  liquid  and  gas  are  explosivei  the  former  particularly  so,  and 
react  with  explosive  violence  with  many  substances  such  as  phos- 
phorus, sulfur,  turpentine,  rubber,  etc.  Its  molecular  weight  by 
vapor  density  is  86.92,  corresponding  to  the  formula  given.  It 
has  no  commercial  applications. 

Chlorine  Dioxide,  —  This  substance^  known  also  as  chlorine 
3xide,    was    first   prepared  by   Humphry   Davy   (1811).      Its 
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composition  was  first  established  by  Gay-Lussac  and  shown  to  co^ 
respond  to  the  formula  CIO3.     It  is  most  readily  prepared  by 
treatment  of  potassium  chlorate  with  sulfuric  acid.     The  reaction  is 
represented  by  the  equations,  2KClOi  +  HsS04  -►  KjSOi  +  2HC10», 
and  3HC103  -^  HCIO*  +  2C10,  +  HjO.     If  the  temperature  at  which- 
the  reactions  take  place  is  not  kept  at,  or  below,  about  15°  a  violeofl 
explosion  may  take  place,  due  to  the  spontaneous  decomposition  of^ 
the  dioxide.     The  substance  is  a  yellow  gas,  boiling  point  W,    It 
is  a  very  powerful  oxidizing  agent.  H 

When  powdered  potassium  cblorate  is  placed  in  &  strong  walled  C5^1inder  Mid 
covered  with  concentrated  sulfuric  acid  the  cylinder  slowly  fills  with  a  browmah 
yellow  gas.  Immersion  of  a  hot  wire  bto  the  gas  produces  a  violent  explonoiL 
The  operator  should  protect  himself  from  possible  damage  from  flying  gjas  or 
acid. 

If  a  few  grama  of  potassium  chlorate  are  placed  in  a  glass  cylinder  and  oovewdj 
with  water  and  some  small  bits  of  yellow  phosphorus  are  dropped  into  the  watflf 
sulfuric  acid  may  be  introduced  beneath  the  water  by  means  of  a  pipette.  The 
chlorine  dioxide  so  produced  causes  the  phosphorxia  to  burn  with  great  brilliancy, 
A  mixture  of  powdered  potassium  cMorat^  and  powdered  sugar,  powdered  bcfort 
mixiiig,  may  be  ignited  by  means  of  a  drop  of  concentrates)  sulfuric  acid 

If  potassium  chlorate  is  treated  with  hydrochloric  acid  a  mixt\ire  of  chlomi 
and  chlorine  dioxide  is  obtained.  This  mixture  was  by  Davy  supposed  to  be  1 
compound  and  was  called  euchlorine*  It  is  a  powerful  oxidising  ascot  modi 
employed  in  laboratory  operations.     The  reactions  may  be  expreaaed: 

KCIO,  +  HCl  -^  HCia  +  KCl, 
2HOO1  +  2HC1  —  2HiO  +  2C10.  +  CU. 

Chlorous  Acid  and  its  Anhydride^  —  When  chlorine 
is  dissolved  in  cold  water  and  the  solution  is  allowed  to  stand  t 
mixture  of  chlorous  and  chloric  acid  is  produced.  If  this  solutioa 
is  neutralized  a  mixture  of  a  chlorite  and  chlorate  is  obtained.  The 
dioxide  therefore  reacts  somewhat  as  would  a  mixture  of  chlorine 
trioxide,  ClaOa,  and  chlorine  pento?ride,  ClfOfi  (c/.  nitrogen  per- 
oxide, p,  294), 

2CIO1  +  H.O  ^  HCiO,  +  HCIOi. 

If  potassium  peroxide  is  added  to  a  solution  of  chlorine  dioxiite 
potassium  chlorite  and  oxygen  are  produced* 

K,Q,  +  2C10s  —  2KC10i  +  Q». 

If  this  solution  is  acidified  the  solution  probably  contains  free 
chlorous  acid.     Its  anhydride  should  be  chlorine  trioxide,  but 


eondition. 

PotoBMium  Chlorate  and  Chloric  Acid.  —  When  chlorine  b 

added  to  hot  concentrated  caustic  potash  a  chlorate  is  produced 
J<;f.  p,  193).     The  reaction  has  been  given: 

6K0H  +  3CU-^  5KCI  +  KCIO3  +  SH^O, 

products  of  this  reaction  may  be  separated  by  fractional 
'erysialUjsation.  The  first  fractions  wliieh  crystallize  from  a  con- 
centrated solution  may  be  pure  potassium  chlorate.  The  solu- 
lity  of  the  chlorate  is  7.5  grams  per  100  cc.  of  water  at  20°.  The 
tibility  of  the  chloride  is  34.5  grams  under  the  same  conditions, 
solubility  of  both  is  about  66  grams  at  100*^.  If  then  a  solu- 
tioo  of  the  two  salts  ixi  the  ratio  formed  in  the  above  equation 
e,,  approximately  3  parts  of  chloride  to  one  of  chlorate)  were 
uporated  at  100°  until  on  cooling  to  20°  it  would  be  just  satu- 
with  chloride,  there  would  be  present  in  each  100  cc,  approx- 
ly  1L5  grams  of  chlorate.  Since  its  solubility  is  but  7.5  the 
remainder  must  separate  out  as  a  solid,  A  little  consideration 
make  clear  how  this  method  may  be  used  to  separate  to  some 
ent  any  pair  of  salts  of  sufficient  difference  of  solubiUty.  The 
preparation  of  potassium  chlorate  is  more  cheaply  effected  by 
first  preparing  calcium  chlorate:  6Ca{OH)3i  +  6CI2  — *  5CaCIa + 
Ca(C10»)i  +  OHjO.  A  solution  of  the  two  salts  is  then  treated 
|irith  potassium  chloride.  The  reaction  which  takes  place  may 
indicated:  2KC1  +  Ca(C10a)a  ->  2KC10a  +  CaClt,  The  sep- 
ation  of  these  salts  is  the  more  readily  effected  since  the  solu- 
lity  of  the  calcium  chloride  is  75  grams  per  100  cc.  at  20'*.  At 
ent  potassium  chlorate  is  prepared  almost  exclusively  by  the 
ctrolysis  of  hot  solutions  of  potassium  chloride.  The  change 
ay  be  represented  by  ooe  equation,  KCl  +  3HaO  —*  KClQj  +  3Ht, 
^though  unquestionably  the  electrolysis  produces  first  chlorine, 
||>oUi8sium  hydroxide  and  hydrogen. 

Potassium   chlorate  yields  oxygen  readily  when   heated    (cf, 

29).     It   forms   mixtures   with   easily  combustible  substances 

ihich  are  highly  explosive  and  subject  to  detonation  by  either 

l»ock  or  friction.     Many  severe  accidents  in  laboratories  and  mills 

ive  been  caused  by  such  explosions.     An  illustration  of  this  type 

of  reaction  may  be  shown  by  placing  a  few  drops  of  a  solution  of 

fiioqibortis  in  carbon  disulfide  upon  a  very  email  quantity  of 
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potassium  clUorate.    As  soon  as  the  disulfide  has  evaporated 

violent  detonation  occurs . 

Chloric  acid  is  not  readily  prepared  from  potassium  clilorata| 
by  the  method  commonly  employed  for  the  preparation  of  othe 
acids,  viz.,  treatment  of  a  salt  of  the  acid  sought  with  a 
volatUe  acid.     We  have  already  seen  {cf.  p.  149)  that  if  we  at 
tempt  to  use  phosphoric  acid  the  reaction  would  not  only  be  slow] 
but    at    the    temperature    required    for    distillation    coneiderabk 
decomposition  of  the  chloric  acid  would  occur.     In  this  and  similar' 
cases    we    may    use    another    method    which    also    employs    the 
principle  of  reversible  reactions  {cf.  p.  132),  m.,  to  treat  a  solution 
of  a  salt  of  the  acid  sought  with  another  which  forms  an  injsoluble 
compound  with  the  metal  ion  of  the  salt*     For  examplef  we  may 
treat  a  solution  of  barium  chlorate  with  a  dilute  solution  of  sul* 
furic  acid.    The  reaction  is  Ba{C10i)j  +  HaSO*  -*  BaSOi  +  2HClOj.  _ 
The  barium  sulfate  is  almost  absolutely  insoluble  in  water.     Iffl 
equivalent  quantities  of  the  salt  and  acid  are  employed  we  have™ 
a  pure  solution  of  chloric  acid.      Solutions  of  chloric  acid  thus 
obtained  may  be  concentrated  in  vacuo;  at  or  below  40°  (Fig.  30). 
When  the  acid  has  reached  a  concentration  of  40  per  cent  decom- 
position  begins  and   no  greater   concentration   can   be  obtained* 
The  reaction  probably  takes  place  as  indicated: 


3HC108  -^  HClOi  +  Cli  +  20,  +  H,0. 


d 


The  concentrated  liquid  is  viscid,  colorless  and  ill  smelling.  It 
is  a  powerful  oxidizing  agent.  If  we  attempt  to  prepare  from  it 
its  anhydride.  CliOt,  the  result  is  invariably  the  formation  of 
chlorine  dioxide  and  oxygen.  The  acid  has  no  practical  applica- 
tions. Its  salts^  particularly  pot-asaium  chlorate,  are  used  ex- 
tensively as  oxidizing  agents,  in  the  manufacture  of  pyrotechnica 
chlorate  powders,  etc.  ^     ■ 


Perchiaric  Acid.  —  As  has  already  been  mentioned,  when  chlo- 
ric acid  is  heated  above  40*  or  allowed  to  stand  in  the  light,  per- 
chloric acid  is  produced.  It  may  also  be  obtained  by  distillation^ 
under  diminished  pressure,  of  potassium  perchlorate  and  sulfuric 
acid,  though,  as  the  writer  knows  to  his  sorrow,  the  reaction  is 
a  bit  dangerous.  It  is  obviously  the  most  stable  of  the  oxygen 
acids  of  chlorine.  This  fact  harmonizes  with  the  thermal  rda* 
tions  of  these  acids  as  is  shown  by  the  following  table: 


^LOGENS 


HoBt  of  formatioa. 

Heat  per  atom  of 
oiycuu 

HC104           .*  . 

-700  c&l. 
-16,300   ** 
-9,300   *' 

-176 
-6100 
-9300 

HaOt..  

HUO 

The  acid  may  be  prepared  by  the  electrolysifl  of  chloric  acid, 
I  aad  libe  BttltA  by  electrolysLs  of  chlorates.  The  action  is  probably 
^  4aBto  llie  anion  C10'>,  when  discharged,  reacting  with  water: 

■IB  2CI0,  +  2H,0  -^  2HCIO4  +  2HC10i  +  0^. 

^I^a  pure  acid  can  be  prepared  as  a  liquid  with  a  specific  gravity 
V«t  1.764,  but  ifl  unstable  in  the  light  and  when  in  contact  with 
>  cnridimble  subetances,  though  less  readily  decomposed  than  chlo* 
I  fk  aciiL  It  dissolves  in  water  with  the  evolution  of  heat,  forming 
I  a  series  of  hydrates  containing  1,  2,  2.5,  3  and  3.5  molecules  of 
umler.     These,  perhaps,  might  be  written: 

HaaOi,    HsClO.,    HnCljOu,    H7CIO7    and     Hi«Cl,Ou, 

IboQgh  probably  no  clearness  is  gained  by  so  doing*  The  mono- 
bydrate  HaO*  •  HjO  has  a  definite  melting  point  of  50*  C,  The 
iriaiion  between  these  hydrates  and  the  hydrated  acids  later  en- 
ecmntered  is  not  rendered  clearer  by  the  fact  that  the  constant 
boOtiig  mixture  at  203**  C,  and  which  contains  71.6  per  cent  acid 
dott  not  correspond  to  any  of  the  hydrates.  Of  this  we  shall  have 
Bore  to  say  lat^r.  The  salts  of  perchloric  acid  are  all  soluble  in 
water»  but  a  pure  salt  of  the  acid  may  be  quantitatively  precipitated 

fby  adding  perchloric  acid  to  an  alcoholic  solution  of  potassium 
hydroxide,  since  it  is  wholly  insoluble  in  alcohol.  The  salts  are 
iD  derived  from  the  monobasic  acid  HCIO4  (cf.  periodic  acid). 
Tliey  find  apphcation  to  some  extent  in  pyrotechnics,  being  some* 
vfaat  safer  to  handle  than  chlorates, 

(yUoHiie  Heploxide,  —  If  cold  perchloric  acid  is  treated  with 
tdA  pboephorie  anhydride  and,  after  the  reaction  is  over,  the 
mixture  is  distilled  at  a  temperature  not  above  82**,  a  colorless 
miiUble  oil  is  obtained.  It  has  the  composition  represented  by 
Ike  formula  ClsOr*  It  is  very  unstable  and  reacts  readily  with 
water  to  form  the  acid. 

SiruciMMTal  Formula. — When  chlorine  unites  with  hydrogen 
hydrochloric  acid  the  relation  is  one  to  one  in  equivalents 


I 


200 


INORGANIC  CHEMISTRY 


P 


P 


and  the  formula  may  be  written  to  indicate  the  valence  relation,] 
H  — CI,     The  sign  -   simply  indicates  the  valence  of   the  two! 
elements  and  may  be  regarded  as  being  made  up  of  two  parts,  [ 
one-half  representing  the  valence  of  chlorine,  the  other  that  of  J 
hydrogen.     Of  course,  since  we  have  not  the  faintest  idea  of  howl 
the  union  of  the  two  elenaents  is  meehanically  effected,  the  sign  (— )I 
is  simply  a  convention*     Formulas  which  show  the  valence  rela-j 
tions  of  the  elements  are  variously  called  graphic,  constitutionfll|{ 
or  structural  formulas.     When  oxygen  is  also  in  combination  wiih] 
chlorine  and  hydrogen  the  question  of  their  valence  relation  rises* 
Is  the  relation  to  be  represented  in  hypochlorous  acid  by  the  graph 
H— O  — CI,  H  — CI  — 0,  or  otherwise?    It  is  perhaps  impossible  to 
give  a  positive  answer  to  questions  of  this  type.     A  study  of  the 
modes  of  formation  of  compounds  and  of  their  behavior  frequently 
enables  us  to  offer  probable  graphs  which  are  useful  in  various  wa^'s. 
For  example,  the  structural  formula  of  chlorine  monoxide  is  very 
probably  CI  — O  — CI  since  oxygen  is,  as  a  rule,  bivalent.     We  have 
abundant  reajBons  for  considering  the  valence  relation  in  wat^er  to  be 
H— O  — H*    Since  hypochlorous  acid  is  fonned  by  reaction  between 
water  and  chlorine  monoxide  the  simplest  formula  would  be  8hQ| 

Cl-O-CI 
by  the  interchange       / '  \,      giving  2H  —  0  —  CI 

The  behavior  of  the  acid  accords  with  what  we  should 
from  such  a  structure  and  we  therefore  believe  it  the  most  probable 
of  the  possible  relations*  In  a  similar  manner  a  study  of  the  for- 
mation and  behavior  of  chlorine  compounds  has  led  to  the  following 
formulas: 


between 

S  8hQW^_ 
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Chlorieacid 


H-O-Clf 


O 


Perchloric  acid 
H-0-Cl  =  0 


ft  is  to  be  emphasized  that  the  above  formulas  indicate  only  the 
probable  order  of  combination  of  the  constituent  elements  and  that 
we  have  not  attempted  to  give  the  reasons  for  the  conclusions 
reaehed.  If,  however,  the  formulas  are  correct  they  indicate  a 
?aleEiey  for  chlorine  ranging  all  the  way  from  one  to  seven. 

ByfK^bronious  and  Hypoiodous  Acids  and  Bromous  Acid*  — 
Wbeo  bromine  or  iodine  are  added  to  cold  solutions  of  bases  col- 
orieas,  or  but  slightly  colored,  liquids  are  obtained  which  have 
Ueiching  powers  only  less  marked  than  those  of  hypochlorites. 
The  reactions  are  doubtless: 

2K0H  +  Bri  -^  KBr  +  KBrO  +  H,0, 
2K0H  +  Is  -^  KI  +  KIO  +  H,0, 

It  ta  also  probable  that  when  bromine  and  iodine  are  dissolved  in 
water  small  quantities  of  the  corresponding  acids  are  produced, 
since,  if  an  aqueous  solution  of  iodine  or  bromine  is  shaken  with 
mercuric  oxide,  the  reactions  indicated  below  take  pJace  with  the 
{onoation  of  dilute  acid  solutions. 

HgO  +  H,0  +  2Br2  ->  HgEr^  +  2H0Br» 
HgO  +  H,0  +  2h  ->  Hgia  +  2H0I. 

he  latter  is  especially  unstable,  decomposing  into  iodic  acid  and 
^lydriodic  acid: 

3H0I— 2HI  +  H-0-lf 

The  bromine  compound  corresponding  to  chlorous  acid  is 
Buppoeedly  prepared  by  treatment  of  bromine  with  concentrated 
iHver  nitrate  solution, 

3AgN0,  +  2Bri  +  2HiO  -^  SHNO*  +  3AgBr  +  HBrO,. 

Eeitber  the   acid   nor  its  salts  have  been  isolated.     The  same 
AtefoeDt  holds  for  iodous  acid. 


Bromnc  and  Iodic  Atid. — ^  If  bromine  or  iodine  with  water 
ited  with  chlorine  the  ultimate  product  of  the  reaction  ia 


i 
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the  formation  of  bromic  acid  or  iodic  acid*    The  reaction  mst 
be  indicated : 

If  +  5C1,  +  6H,0  -  2HI0,  +  lOHCL 

TMb  reaction  may  be  considered  as  going  in  three  stagee  hj  tbe 
following  route: 

I.  6C1,  +  6HtO  -^  6HC10  +  6HC1, 

II.  6HC10  -^  2HC10,  +  4HC1, 

ni.  2HC1Q,  +  I|  ^  2HI0i  +  Cli, 

which  partial  equations  by  addition  give  the  one  above.  Or  it  b 
possible  that 

L  Ii  +  6C1,  -*  2ICli, 

II.  2iai  +  lOHiO  -*  2I(0H),  +  lOHa, 

III.  2I(0H).  ^  2HI0,  +  4HA 

whichy  being  added,  give  the  same  summation  as  before.  Whicb 
of  these  courses  of  reaction  actually  takes  place  has  not  been 
determined,  but  both  are  interesting  possibilities. 

The  salts  of  bromic  and  iodic  acid  are  readily  made  by  treat- 
ing hot  solutions  of  the  bases  with  bromine  and  iodine,  the  proceai 
being  entirely  analogous  with  that  of  chlorine  {q,v,),  Sodiusi 
iodate  is  found  in  Chile  saltpeter  and  a  very  considerable  portion 
of  the  iodine  of  commerce  is  obtained  from  this  source  (see  p*  144).  . 

Bromic  and  iodic  acids  are  both  powerful  oxidising  agents,  I 
but  the  latter  is  lees  rapidly  effective  than  either  chloric  or  bromic 
acid.     Two  interesting  cases  of  its  oxidizing  property   may  b« 
mentioned.     If  iodic  acid  be  added  to  hydriodic  acid  the  foUowing 
reaciion  takes  placer 

HIO,  +  SHI  ->  3H,0  +  31,. 

This  is  reminiscent  of  the  action  of  sulfuric  acid  and  hydriodie 
acid  (see  p*  148). 

A  very  interesting  experiment  illustrating  the  oxidising  power 
of  iodic  acid  is  the  following:  A  solution  of  iodic  acid  is  added  to 
a  solution  of  sulfur  dioxide  and  starch  paste  in  water.  A  blue 
color,  du«  to  the  liberation  of  iodinej  appears  after  a  time  interval, 
the  duration  of  which  depends  upon  the  dilution  of  the  solutions 
employed. 

I.  HIOi  +  3H,8Cb  -*  HI  +  3H,aOi, 


5 

I 


OXYGEN  ACIDS  OF  THE  HALOGENS 


203 


I  iodine  which  is  freed  colors  the  starch  blue.     The  blue  color 

not  appear  so  long  as  any  sulfurous  acid  is  present  because 

+  U  +  H,0  ->•  2HI  +  H,S04.    The  velocity  of  a  reaction 

ftds  upon  the  concentration  of  the  reacting  substances.     The 

ftter  the  concentration  of  the  iodic  acid   solution   the  more 

lickly  the  reaction  I  completes  itself.     The  equations  I  and  II 

&y  be  combined  2HIQ,  +  5H|SQt  -*h  +  5H,S04  +  HtO. 


ferhrafnaten  and  Periodates* — ^  Salts  of  periodic  acid  are 
ily  prepared  and  sodium  periodate,  NalOi,  is  found  in  small 
[itities  in  Chile  saltpeter.  Neither  the  corresponding  salts  of 
[)mic  acid  nor  the  acid  itself  is  known.  This  is  not  as  is 
cted  from  the  periodic  law  {q,t.).  On  the  other  hand,  a 
somewhat  confusing  variety  of  periodates,  such  as  AglOi,  AgilO*, 
AgJOi,  etc.,  are  known.  The  existence  of  such  salts  may  be 
iitirfactorily  accounted  for  by  Imagining  what  might  take  place 
were  iodine  heptosddei  liO?,  to  react  with  water  as  indicated  below. 

O^  ^O 

0-I-0-I-0+  7H-0-H  -*  2I(OH)7. 

If,  DoWi  this  compound  were  to  lose  water  one  molecule  at  a  time 
Jbe  foUowlng  compounds  would  be  formed: 

I(OH>f  -  H,0  -*  HilOt  -  H|0  -♦  HjIOft  -  H,0  —  HI0|. 

While  these  four  forms  of  periodic  acid  have  not  actually  been 
tiokted  Balta  of  three  of  them  have  been  produced.  Similar  acids 
of  other  elements  are  known  (c/.  acids  of  phosphorus,  silicon, 
«tc.).  It  wiU  be  observed  that  in  all  these  acids  the  valence  of 
the  iodine  remains  seven.  The  nomenclature  adopted  for  such 
I  is  illustrated  as  follows: 


I  (OH)?,  normal  periodic  acid^ 
10 (OH)  6,  para  periodic  acid, 
IOi(OH)i,  meso  periodic  acid, 
IQi(OH),  meta  periodic  acid. 

Flttorin^.  —  The  absence  of  any  mention  of  oxygen  compounds 
floorioe  may  have  been  observed.    The  reason  is  that  no  such 
"^mnpoundi  are  known.    There  is  also  no  explanation  of  this  re* 
rkaUefact. 
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Exercises.  —  1 .   Describe  in  detail  a  method  which  might  be 

eiiiployed  to  determine  that  the  reaction  between  chlorine  and  hot 
potassium  hydroxide  produces  the  chlorate  and  chloride  in  the 
ratio  of  one  formyla  weight  to  five. 

2.  Calculate  the  volume  of  chlorine  gaa,  at  15°  and  760  mm 
pressure,  required  to  saturate  100  cc.  of  a  10  normal  eolution  of 
potassium  hj^droxide  if  the  final  pmducta  are  chlorate  and  chloride. 

3.  Writ^  the  equations  for  the  successive  reactions  involved  ifl 
the  production  of  hjT^ochlorites,  chlorates  and  perchlorates.  State 
the  conditions  requisite  for  each  change  and  the  enei^  reUtiom 
involved, 

4.  With  the  principles  of  reversible  reactions  in  mind,  explain 
in  detail  Deacon's  process  and  its  reversal* 

5.  How  much  more  heat  is  hberated  in  a  bleaching  acticm 
which  involves  sixteen  grams  of  oxygen  when  the  reaction  is  ca^ 
ried  out  by  hvpochlorous  acid  than  when  performed  by  oxygea 
itself? 

6.  I!  cobalt  hydroxide  is  at  100**  an  efficient  positive  catac 
lyzer  of  the  reaction  2NaC10  — *  2NaCl  +  Oi,  how  could  yott 
prepare  oxygen,  using  sodium  hydroxide  solution,  cobalt  chloride 
and  chlorine?  Using  the  method  devised,  how  much  oxygen  could 
be  prepared  from  10  grams  of  chlorine? 

7.  At  0°  barium  chlorate  has  a  solubility  of  16.9  grams  per 
100  cc.  and  barium  chloride  of  24  grams  per  100  cc-  At  20**  the 
corresponding  solubilities  are  25  and  26  grams.  If  at  20*^  a  solution  ii 
saturated  with  these  salts  and  cooled  to  0°,  what  is  the  eompositi 
of  the  precipitate?  How  would  you  undertake  to  prepare  pure 
barium  chlorate?  If  to  a  solution  of  barium  chlorate  saturate  at 
20**  potassium  chloride  is  added,  what  occurs  and  to  what  exteatf 

8.  The  solubility  of  sodium  chlorate  at  20°  is  99  grams  per 
100  cc»  If  a  saturated  solution  were  treated  with  potassium  chlo- 
ride, how  much  potassium  chlorate  would  be  precipitated? 

9»  ForniiUate  the  reactions  taking  place  when  barium  hydroic- 
ide  is  treated  with  chlorine  dioxide, 

10.  Write  structural  fonnuhe  for  meta  and  meso  periodic  aci* 

11.  Compare  the  four  halogens  with  respect  to  valency  and 
the  stability  of  their  compounds. 


We  have  now  considered  in  some  detail  the  chemistry  of  six 
demeDts  and  have  brought  into  somewhat  clear  rehef  the  fact  that 
(our  of  these  have  many  properties  in  common  and  yet  differ  in  the 
details  of  both  their  appearance  and  behavior.  Yet  clearly^  if  a 
nprehensive  view  of  all  the  elements  and  their  compounds  is  t^  be 
Qed,  without  undue  waste  of  space,  and  of  the  time  of  the  reader, 
ematic  classification  would  aid  greatly.  Since  classification 
fan  aid  to  comprehension  is  one  of  the  tools  of  the  scientific 
trade  wherever  numerous  facts  are  dealt  with,  it  is  not  surprising 
&t  early  efforts  to  classify  the  elements  were  made.  The  trouble 
all  the  schemes  is  that  whatever  property  is  used  as  a  basis, 
ether  solubility  of  compounds,  valency,  or  relative  basicity  or 
lity  of  compounds,  the  grouping  brings  together  otherwise  un- 
ited elements.  In  all  chemical  changes  mass  remains  unchanged, 
many  attempts  have  l>een  made  to  base  classifications  of  the 
elements  upon  this  property.  One  of  the  earliest  of  these  was  by 
Itebereiner  (1829),  who  called  attention  to  the  fact  that  dementi 
related  to  each  other  by  their  cheraical  behavior  consisted  either 
of  three  elements  of  nearly  the  same  atomic  weights^  eg,,  iron,  56;  | 
nickel,  58.7;  cobalt,  59;  or  that  groups  of  three  elements  occurred 
where  one  had  an  atomic  weight  and  other  properties  nearly  the 
mean  of  the  other  two.  These  were  called  the  triads.  We  have 
just  studied  one  of  these  groups:  Chlorine,  35.46;  bromine,  79,92; 
iodine,  128.92.  The  mean  of  126.92  and  35.46,  being  8L19,  is  al- 
Qiofit  the  atomic  weight  of  bromine.  Again,  calcium,  40,09; 
turitim,  137.4.  give  a  mean  value  of  88.74,  while  strontium,  with 
lieariy  meaii  properties,  has  an  atomic  weight  of  87.5.  Other  simi- 
Jttly  related  poups  of  elements  having  similar  properties  were 
■[fited  oui« 

In  1863-6.  Newlands  in  a  series  of  papers  called  attention  to  4] 
taaarkable  regularity  observed  when  the  elements  were 
I  order  of  increasing  atomic  weights. 
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Each  succeeding  eighth  element  possesses  properties  relating  it  to 
the  first  (except  in  the  case  of  hydrogen,  which  is  a  sort  of  IshiuMl 
among  the  elements  and  fits  into  no  scheme  very  satisfactorily^ 
and  he  proposed  to  call  this  relationship  the  law  of  octayes  from 
its  fancied  relationship  to  the  musical  scale.  Newland^s  work  mu 
seriously  handicapped  by  imperfectly  known  atomic  weights  aad 
more  so  because  of  the  fact  that  certain  elements  needed  for  the 
more  satisfactory  completion  of  his  scheme  were  at  that  time  un- 
discovered. His  ideas  were  unfortunately  somewhat  pedantically 
expressed  and  were  received  with  ridicule  rather  than  belief  (though 
in  1887  he  was  awarded  the  Davy  Medal  for  his  work). 

Nearly  the  same  statements  may  be  made  also  concerning  the 
work  of  de  Chancourtois,  a  Frenchman,  who  in  1862  attempted  t 
rather  elaborate  effort  in  the  same  direction.  A  more  kindly  recep- 
tion attended  the  efforts  of  Lothar  Meyer,  a  German,  and  Mende* 
leeff,  a  Ruasiani  who,  independently  of  each  other,  and  probably 
also  of  Newlands,  in  1869-70,  proposed  various  systems  of  clank 
fication  of  the  elements  based  on  their  atomic  weights.  (For» 
fuller  discussion  of  the  history  of  thia  topic  see  M.  Pattiaon  Muir, 
"  Chemical  Theories  and  Laws/O 

The  most  extensively  used  system  of  classification  ia  one  of 
those  suggested  by  Mendeleeff.  It  is  ordinarily  known  as  the 
Mendeleeff  Table  of  the  Elements*  It  is  given  on  the  oppositd 
page.  In  this  table  are  placed  also  the  symbols  of  certain  elements 
which  have  been  discovered  since  the  first  publication  of  the  table. 
These  elements  are  indicated  by  italics.  Mendeleeff,  like  Newlanda, 
arranged  the  elements  in  the  order  of  their  atomic  weights  begifl* 
ning  with  lithium.  He  simply  ignored  the  existence  of  hydrog^ 
so  far  as  the  system  is  concerned.  He  was  also  bold  enough,  as  an 
examination  of  the  table  shows^  to  assume  the  existence  of  undift- 
covered  elements  when  without  such  assumption  elements  unrelatad 
in  properties  would  fall  into  a  group.  He  was  in  a  way  justified  in  m 
doing  because  where  such  blanks  appeared  in  the  table,  as  betweeo 
calcium  and  titanium  in  series  three  and  between  zinc  and  axBenie 
in  series  four,  there  are  abnormally  large  atomic  weight  intervals. 
He  also  provided  the  so-called  "  long  periods/'  series  3  and  4^  5  and 
6,  7  and  8,  9  and  10,  which  are  separated  into  two  short  series  by 
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groups  of  three  elements  of  like  properties.    In  a  few  cases  to 
nored  the  actual  order  of  the  atomic  weights,  preferring 
sume  the  weights  as  determined  to  be  incorrect.     This  a] 
neglect  of  fact«  he  justified,  since  when  so  arranged  elemenU  d 
like  properties  fell  into  the  same  group.     For  a  very  satisf 
presentation  of  the  matter  the  student  is  referred  to  Mend 
Chemistry,  VoL  II ^  pp.  1-25.     The  student  should  note  that  the^ 
zero  group  was  unknown  and  its  existence  unsuspected  by  Meo* 
deleeff  (see  Chapter  XV),     In  the  table  as  given  we  have  nine 
vertical  columns  of  groups  of  elements  the  members  of  which  pSB' 
eess  like  properties.     Each  group  may  be  regarded  as  consistiag' 
of  a  type  element  and  two  sub-groups  A  and  B.    The  memben' 
of  each  sub-group  are  usually  closely  related  and  resemble  lcai| 
clearly  the  members  of  the  other  sub-group.     Concerning  ttufi 
remarkable  relation  between  the  atomic  weights  of  the  dementi 
Mendeleeff  says:     **  When  I  arranged  the  elements  according  to 
the  magnitude  of  their  atomic  weights,  it  became  evident  that 
there  exists  a  kind  of  periodieity  in  their  properties,  and  I  design&te 
by  the  name  '  Periodic  Law  '  the  mutual   relation    between  tie 
properties  of  the  elements  and  their  atomic  weights*  •  *  •     These 
relations  have  the  nature  of  a  periodic  function**'     This  is  commonly 
more  concisely  expressed;    The  properties  of  the  elements  ire  i 
periodic  function  of  their  atomic  weights.    This  is  usually  called 
the  periodic  law,  but  it  is  more  properly  to  be  regarded  as  a  for- 
mulative  hypothesis  in  that  we  assign  to  the  atomic  weight  a  causil 
relation  to  the  properties. 

It  is  not  to  be  supposed  that  this  classification  is  the  "  dernier  J 
cri  *'  on  the  subject.  Indeed,  many  others  have  attempted  classi- 
fications of  a  similar  type.  We  have  the  helix  of  Story,  the  de^ 
flcending  figure  eight  of  Crooks,  and  many  others.  In  Chapter 
XXXVI  we  shall  present  some  points  concerning  the  modern  sys- 
tem of  Harkins.  On  the  whole,  however^  we  shall  find  the  table 
given  very  useful  and  shall  base  our  order  of  discussion  upon  it,  J 

Uses  of  the  Periodic  System.  —  1.  The  periodic  system  aervfflfl 
as  a  basis  of  classification  which  brings  together  elements  cf  siinihfn 
properties.     Such  arrangement  faciUtates  both  the  understandiJDg 
and  the  recollection  of  the  characteristic  properties  of  the  elemenli. 
While  this  system  is,  as  we  shall  see,  not  ideal,  it  is  perhaps  better 
than  any  other  at  present  available. 

2.  The  periodic  system  aids  in  the  selection  of  the  equivj 
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its  which  are  beet  suited  for  use  as  the  atomic  weights  of  the 

Such  sdection  is  not  always  easy.     Certain  elementa 

'furaiili  im>  volatile  compounds  (c/.  Chap.  V)  and  some  no  soluble 

compouDdft  (</.  Chap.  X).     In  other  cases  special  difficulties  arise* 

Two  exampleB  will  serve  to  show  how  the  periodic  system  is  an  aic 

ooif  for  some  time  after  its  discovery,  prepared  in  i 

ly  laiiBe  quantities  so  that  its  atomic  weight  could  be  readily 

The  analysis  of  its  bromide  gives  an  equivalent  weight 

d  IIZJ2.    The  general  chemical  properties  of  radium  are  distinctly 

Bkft  thoee  of  barium.     Its  atomic  weight  is  therefore  226*4  and  the 

lonmila  BaBn*    This  atomic  weight  plac^  radium  in  group  II 

senes  II.     Ita  properties  accord  fuUy  with  this  position  {cf. 

.,  p.  464).    Again:    The  equivalent  weight  of  indium  waa 

by  Winkler  to  be  37.8.     Ita  atomic  weight  is  therefore  some 

of  this  number.    Should  we  choose  75.6  (2  X  37.8),  the 

would  eome  in  the  periodic  system  between  arsenic  and 

wie&ium  inilead  of  in  the  group  of  elements  with  like  properties. 

%  however,  we  select  113.4  (3  x  37.8)  it  places  the  element  in  group 

tluee,  series  six,  where  it  fits.     Mendeleeff  himself  suggested  thus 

for  indium  and  subsequent  investigation  of  its  specific  heat 

mod  more  exact  determination  of  the  equivalent  weight 

us  the  aiamie  weight  114.2.     A  very  considerable  number  of 

wet^ti  have  been  selected  using  the  periodic  system  as  a 

oTdioiee. 

S.  According  to  Memdeleeff ,  the  blank  spaces  in  his  s^^stem  were 

4m  to  the  extstenee  of  elements  as  yet  undiscovered.    This  seemed 

to  him  so  certain  that  he  predicted  the  properties  of  several  elements, 

Ihoe  predictioos  being  based  upon  the  places  in  groups  and  series 

vUcli  eoiild  besfilled  by  elements  of  given  atomic  weights.    His 

pndiclaoiui  were  made  in  great  detail  for  some  elements  and  thdr 

aeeoracy  was  no  small  factor  in  estabUshing  the  system. 

between  predicted  properties  and  those  found  is 

The  possibility  of  prediction  on  the  basis  of  the 

is  wot  limited  to  undiscovered  elements.     There  are  many 

on  reeord  in  which  consideration  of  the  places  of  elementa 

in  the  sjBleni  have  led  to  investigations  which  resulted  in  the  dis- 

9tmtf  of  new  compounds.    There  yet  remain  many  possibiUties 

rf  ■»*Tlligntf'*-  of  the  table  in  this  manner.     One  unexpected  result 

^  tbii  ■spcrt  cxf  tbe  system  is  the  publication  of  ''  faked  ''  reports. 

Ose  of  the  most  notable  of  these  is  the  investigation  of  Os^^wa, 

1  riUMiHW  (Jow.  Loud.  CheQL  Soc>  H^  952).    He  reports  full 
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Predicted,  1871 
Momic  wt.,  72 
Specific  gr,,  5.5 

Dirty    gray    with 

white  oxide,  EsO 

Atomic  volume,  13 

Erie  me  at  decom- 
poees  steam  with 
difficulty 

A^ctdfi  react  altghtly 


Ukalies^  no  pro- 
nounced action 

Action  of  sodium 
on  the  oxide  or 
KtEsFfl  will  give 
the  metal 


The  oxide,  EsOt. 
will  be  refractory 
with  sp.  gr.  4  J. 

Baaic  propertiee 
less  marked  than 
those  of  TiO*. 

Chloride  EeCI*  will 
be  a  liquid,  sp. 
gr.,  1.9.  Boiling 
point  a  little 
below  100*. 

The  ethidc* 
Ea(C*H,)*,  will 
be  a  liquid,  Bp. 
gr.,  0  fl6  and  k 

p.,  m" 

The  fluoride,  E3F4, 
I    will  not  be  gase- 
ous 


Discovered,  1886 
Atomic  wt.,  72.3 
Speciiic  gr,,  5.47 

Dirty  gray  with 
oxide,  GeO 

Atomic  volume^ 
13.2 

Element  doee 
not  decompose 
steam 

Not  attacked  by 
HCl  nor  solu- 
tiona  of  KOH 

Oxidised  by  fused 
KOH 

Germanium  pre- 
pared by  reduc- 
tion of  oxide 
by  carbon  or 
KiGeFt  by  so- 
dium 

Oxide,  GeOt,  re- 
fractory with 
sp.  gr.  4,703 

Basicity  very 
feeble 

The  chloride, 
GeCli,  is  a  liq- 

uidjBp.gr.,  1.88. 
Boihng  point, 

The  e  t  h  i  d  ©, 
Ge(CiH*),,  ii  a 
liquid  with  b, 
p.,  160*.  8p.gr. 
slightly  leaa 
than  water, 

Thefluoride,  GeFii 
is  a  solid 


Predicted,  1871 

Atomic  wt.,  69 

Will  have  a  low 
melting  point 

Will  not  be  oxi- 
dised in  air 

The  oxide  will  be 
El,Oi 

Will  decompose 
water  at  red 
heat 

The  chloride  will 
be  EliClt 

Sulfate,  Elt(SO«)i 

Will  form  an  alum. 
Will  be  easily  re- 
duced by  elec- 
trolysis. May 
be  expected  to 
be  discovered  by 
the  spectroscope 


Discovered,  1875 
Atomic  wt,,  60.9 
Melting    point, 

30.15" 
Only  slightly 

dised  at  red 
The  oxide  ia  G 


Dec 

at 


heat 


The    ohloride, 
GatO. 

Sulfate,  Gat(60«)« 

Forms  an  alum. 
Easily  obtained 
by  electrolysis. 
Was  discovered 
by  the  apectfo- . 
ftcope 


i 


Sir  William  Ramsay  artd  R.  B.  Moore  in  separate  investigatioiu! 
failed  to  eonfinu  the  results,     Ogawa  proposed  to  call  the  new  ele- 
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meot  mpponium  (Nippon  ^  Japan),  thuB  following  the  example 
set  by  Nilson,  de  Boisbaudran  and  Winkler  in  naming  scandium^ 
^lium  and  germanium  after  their  respective  countries. 

OcfecrtA  in  the  Periodic  System,*- There  are  various  places 

m  the  gystem  of  Mendeleefif  where  the  classification  ia  unsatis- 

fi(Ctory,  especially  if  the  arrangement  in  order  of  atomic  weights 

■  rigidly  followed.     The  atomic  weight  of  iodine  is  126.9,  while 

UmI  of  telliirium  is  127.5,     These  values  place  iodine  in  a  group 

with  oxygen  and  sulfur,  and  tellurium  in  the  halogen  group.     The 

IMoperttea  of  these  elements  call  for  reversed  positions.     The  ex- 

flawtion  offered  by  Mendeleeff  is  that  the  correct  atomic  weightj 

d  Idlurium  is  probably  about  125.     The  most  strenuous  efforts  of  ' 

wveral  chemists  have  failed  to  justify  this  atomic  weight.     Flint 

{km.  Jour.  Sci.,  30,  1209,  1910)  claims  to  have  obtained  atomic 

wri^t  values  for  tellurium  of  124.3,  but  his  results  have  failed  of 

CDDfirmation  by  others.     Another  case  is  furnished  by  argon  (at. 

wt»»  39.9)  and   potassium  (at.  wt.,  39.1).     Their  properties   call 

for  the  positions  given  them  in  the  table  (q.v.).     Again  the  rare 

tttrths  iq*v,)  are  fitted  into  the  Mendeleeff  table  only  with  difficulty. 
hdeedp  these  elements  offer  serious  difficulties  in  any  system  which 
b«  been  suggested  (cf.  Chap.  XXXVI). 
.  The  most  serious  defect  of  the  system,  so  far  as  its  general  utility 
p  eoDoenied,  is  that  elements  which  are  chemieaUy  similar  are 
Uot  always  brought  together  by  the  table.  This  failure  is  especially 
^dent  in  qualitative  analysis,  where  elements  of  unhke  periodic 
pcation  are  brought  into  close  relation.  Also^  copper  and  mer- 
niry  have  many  similar  properties  and  no  indication  of  this  similar- 
ity IB  indicated  by  the  table. 
The  fact  that  hydrogen  finds  no  place  in  the  table  is,  of  course, 
*  defect  in  the  system.  No  very  satisfactory  explanation  is  at  hand. 
Oi»e  of  the  many  assumptions  is  that  there  probably  exists  a  zero 
•cries  of  which  hydrogen  is  the  first  member.  This  assumption  is 
*^  baaed  upon  experimental  evidence.  The  most  interesting  effort 
^diminate  this  and  similar  defects  of  the  S3rstem  is  that  of  Harkins 
"^d  is  based  on  a  unitary  theory  of  matter  (<rf.  Chap.  XXXVI), 

These  difficulties  in  the  system  and  the  attempt  to  consider  the 
IfBtem  aa  dependent  upon  an  established  law  have  led  certain 
cbemista  to  regard  the  various  S3rstems  as  merely  "catalogues*' 
qT  the  dements.  It  is  perhaps  better  to  regard  the  present  diffi- 
^tiii  as  prabably  due  to  lack  of  sufficiently  exact  and  detailed 


knowledge  and  to  regard  the  systems  as  based  upon  the  periodic] 
hypothesis. 

Exercises,  —  1.  Why  is  the  atomic  weight  taken  as  the  funda*! 
mental  property  in  the  statement  of  the  periodic  law? 

2.  Make  a  list  of  six  sets  of  triads  and  show  that  the  element] 
of  mean  atomic  weight  has  mean  properties. 

3.  Calculate  the  mean  difference  between  the  atomic  weights 
the  first  two  series  of  elements.  Assuming  that  such  mean  holds 
approximately,  what  is  the  atomic  weight  of  the  element  correspond- 
ing to  the  blank  in  series  5? 

4.  Indicate  in  what  respects  the  periodic  law  is  hypothetical. 

5.  An  element  is  discovered  having  compounds  very  similar  to 
those  of  manganese.  Its  chloride  is  analyzed  and  its  equivalent  is 
fotllid  to  be  49.4.     What  is  the  atomic  weight?    Why?  ■ 

6.  An  element  may  be  found  having  an  atomic  weight  of  61.3.f 
What  ought  to  be  its  properties? 

7.  In  view  of  the  fact  that  radium,  thorium  and  uranium  are 
constantly  decomposing,  what  may  be  the  reason  for  the  blank  in 
series  11,  group  7? 

8.  If  the  periodic  system  as  given  is  used  as  a  guide,  should  the 
element  corresponding  to  the  blank  in  series  8,  group  7,  be  discov- 
ered, what  properties  would  it  have? 


CHAPTER  XII 
SXTLFUR  AND   ITS   COMPOUNDS 

Selenium  and  Telluriitm 

The  compounds  of  sulfur  and  those  of  oxygen  present  many 
ate  in  common  and  where  divergence  of  a  marked  kind  is  found 
"we  are  able  to  asmgn  graphic  formulae  which  indicate  a  higher 
ralence  of  sulfur  than  is  exhibited  by  oxygen  and  to  which  the 
rariation  ia  presumably  due.  From  time  to  time  analogies  will  be 
pointed  out  and  the  student  is  urged  to  find  others  for  himself,  and 
ibo  to  look  for  other  than  '*  family  *'  traits  of  character  as  they 
may  become  evident. 

Occurrence.  —  Sulfur  is  found  in  great  abundance  and  variety 
of  forms.  Free,  it  occurs  in  two  types.  Volcanic  sulfur,  deposited 
from  gBBee  of  volcanic  origin,  is  ordinarily  mixed  with  more  or 
len  volcanic  ash.  Deposits  are  found  in  practically  all  volcanic 
nepons,  e.g.,  Japan,  Mexico,  Iceland,  Italy,  Greece,  etc.  Sedi- 
mentary sulfur,  probably  produced  by  decomposition  of  deposita 
calcium  sulfate,  is  found  in  large  deposits.  The  sulfur  deposits 
SicUy  and  those  of  Texas  are  of  this  type  (c/,  preparation,  p,  214). 
blned,  sulfur  is  found  in  mineral  forms  chiefly  as  sulfides  and 
fates.  The  more  important  sulfides,  so  far  as  quantity  is  con- 
cerned, are  iron  pyrites,  FeSa,  galena,  PbS,  and  zinc  blende,  ZnS. 
Other  sulfides  are  important  ores  of  the  metals  with  which  the 
Bulfur  is  a^ociated.  Examples  arei  Orpiment  and  realgari  ores  of 
arsenic;  chalcocitei  chalcopyrite  and  boroite,  ores  of  copper;  smalt* 
an  ore  of  cobalt  and  nickel;  stibmte  an  ore  of  antimony, 
The  more  abundant  sulfates  are:  Gypeum,  CaSOi'2HiO, 
ber*8  salts,  Na,SOi  *  10H,O,  and  Epsom  salts,  MgSO*  •  7HiO. 
is  an  essential  constituent  of  all  albuminous  material.  It 
ia  alao  a  constituent  of  many  anabolic  and  metabolic  products  of 
mal  and  plant  organisms. 


arsenic 

B5aub€ 
^Pulfur 


^^a 


HUU^y*  —  Sulfur  was  known  to  the  ancients  and  its  discovery 
datoi  to  a  prehistoric  period.     It  is  mentioned  both  in  Job  and 
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Genesis  aod  apparently  the  word  translated  **  brimstone  "  refers 
both  to  the  element  and  to  sulfur  dioxide,  Hell  being  described 
in  the  Revelations  (14,  10;  19,  20;  20,  10)  as  a  lake  of  fire  aod  _ 
brimstone  and  hence  with  an  atmosphere  of  sulfur  dioxide,  presum-  ■ 
ably.  The  substance  is  also  mentioned  by  Homer  and  by  Pliny, 
Dioscoridee  apparently  knew  both  the  ordinary  and  amorphous 
varieties.  For  the  alchemists  sulfur  was  of  such  importance  that 
it  was  considered  one  of  their  three  fundamental  elements,  pro- 
bably representing  the  factor  of  combustibility.  Milk  of  sulfur 
was  known  to  the  Arabian  physician  Geber  (from  whom  we, 
unjustly,  derive  the  name  gibberish),  Monoclinic  sulfur  was  first 
recognized  by  Mitscherlich  in  1823,  The  various  kinds  and  crys- 
taUine  modifications  of  sulfur  have  been  the  subject  of  an  enor- 
mous number  of  mvestigations  and  the  literature  is  very 
voluminous.  Only  an  outline  of  the  better  known  varieties  is  M 
presented  here.  1 

Preparation*  — Sulfur   which    is  obtained   directly    from    the 

Louisiana  and  Texas  deposits  is  about  99.5%  pure.     The  mining 


Fio.  56, 

process  is  itself  a  method  of  purification*  Wells  are  drilled  into 
the  sulfur  stratum,  which  is  500  feet  or  more  beneath  the  surface. 
These  wells  are  cased  and  superheated  steam  is  forced  into  them. 
The  sulfur,  being  melted  by  the  steam,  is  either  pumped  or  forced 
to  the  surface  in  liquid  form.  (See  Fig.  56.)  In  1913  about 
475,000  tons  of  sulfur  were  produced  in  this  manner.  Sulfur  is 
freed  from  admixed  volcanic  ash  by  heating  to  a  temperature 
sufficient  to  liquefy  the  sulfur.     It  is  then  allowed  to  run  into. 
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iwdeo  molds  to  solidify.  The  sulfur  so  obtained  is  known  as 
Iriastona.  To  obtain  pure  sulfur  the  brimst'One  is  distilled  in 
mtlietiware  retorts  and  the  vapor  condensed  in  brick  chambers. 
Tie  sulfur  vapor  at  first  deposits  as  a  hght  yellow  solid,  without 
fint  becoming  liquid  (subUmation).  This  deposit  is  called  "  flowers 
of  sulfur/'  As  the  chamber  warms  somewhat  the  vapors  condense 
to  liquid  sulfur^  which  is  run  into  molds.  This  is  sold  as  pure 
'roll  sulfur/* 

Some  sulfur  is  also  manufactured  from  iron  pyrites  by  heating, 
IMi^^FeiiSi  +  Si;  some  as  a  by-product  in  the  Le  Blanc  soda 
prooeaa  iq*v,)  and  some  also  as  a  by-product  from  gas  purification  * 
(ft.). 

Sulfur  for  medicinal  purposes  is  manufactured  from  poly- 
lulfides  (g.p.)  by  treatment  with  acids.  This  is  known  as  pre- 
cipitated sulfur  and  before  the  Food  and  Drugs  Act  came  into 
operation  was  frequently  grossly  adulterated. 

Fhymcal  Properties  af  Sulfur.  —  Several  varieties  of  sulfur 
nmy  be  prepared,  hence  sulfur  is  said  to  be  polymorphous  (iroAvf 
«  many  and  fuip^  =  form).  These  modifications  are  in  some 
CBSBB  due  to  differences  in  crystalline  form  and  in  other  cases  are 
inotropic.  The  latter  term  is  used  to  describe  modifications  of 
elements  which  difTer  in  physical  and  chemical  behavior  and  in 
the  energy  relations  involved  in  their  transformations  and  in 
which  these  differences  cannot  be  satisfactorily  assigned  to  changes 
in  form  only.  We  have  already  encountered  an  instance  of  allo- 
tpopy  in  the  relation  between  oxygen  and  ozone.  We  shall  later 
meet  many  other  instances  (mde  phosphorus^  carbon^  silicon^  etc»). 
Three  varieties  of  sulfur  will  be  briefly  described.  (For  a  some- 
what more  extended  discussion  see  Mellor's  Modern  Inorganic 
Chemistry,  p.  395|  ei  seq.),  ^ 

Gy^taU  and  Crystal  Systems*  —  When  a  liquid  eoUdifiee  it  frequently 
fliangfii  into  more  or  leas  clearly  defined  bodies.  These  are  known  na  cr>'8tals. 
Cnnitab  may  be  deposited  from  Botatiooa  by  oodiag  or  evaporation  and  alao 
hf  the  eooling  of  vaporn.  They  may  be  so  closely  interwoven  as  to  rendejr 
the  shape  of  the  individual  bodies  and  in  mch  caae  the  Bolid  masa 
to  be  CfystaUine.  Crystals  present  deaniie  plane  Burfaces  which  are 
isk  an  orderly  fashion  with  respect  to  each  other.  The  crystal  forra  of 
AMbflaiiee  is  always  characteristic.  The  number  of  crystal  forms  is  very  great 
mJ  yet  ti  we  imagine  each  crystal  to  possess  certain  axes  all  crystals  may  be 
flJMiftcnl  into  8UC  ayvtems.    The  study  of  these  systeiaa  and  the  relation  < 
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tale  to  them  ia  the  subject  of  crystallography.     (See  Moaes  and  Parsons*  Mine 
alogy,  Part  1 .)     Below  are  given  the  names  of  the  six  syBtems,  together  with  th 
relation  of  the  imaginary  axes  to  each  other.     In  the  figures  are  given  outUn 
drawings  of  simple  examples  of  each  system »  showing  the  relation  of  surf  a 
planes  to  the  axes, 

L  The  isometric  or  regular  system.  — This  system  poBBOisea  three  axes 
equal  length  at  right  angles  to  each  otlier  (Fig.  57). 

2.  The  tetragonal   system  possesBee  two  axes  of  equal  length  and  one  of  i 
different  length  all  at  right  anglea  to  each  other  (Fig.  68). 

3.  The  orthorhombic,  or  rhombic  system  haa  three  axes  of  unequal  length  j 
at  right  angles  to  each  other  (Fig-  59). 
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4.  The  monoclinic  system  has  two  axes  at  right  angles  and  a  third  which  is 
at  a  right  angle  to  one  of  these  but  is  iQclined  toward  the  other.  The  axes  may 
vary  in  length  (Fig.  60). 

5.  The  triclimc  system  has  three  axes  all  inclined  toward  each  other  and  of 
variable  length  and  inclination  (Fig.  61). 

6.  The  hexagonal  system  has  three  equal  axes  in  the  same  plane  at  angles  of 
60**  to  each  other  with  a  fourth  at  right  angles  to  all  the  others  (Fig,  62). 

These  systems  unquestionably  correspond  to  an  orderly  arrangement  of  the 
molecules  and  depend  on  the  form  of  the  molecules  themselves.  Each  substanoe, 
therefore^  ordinarily  crystallises  in  forms  which  can  all  be  referred  to  one  of  the 
above  systems*  The  actual  forme  may,  however ^  be  quite  varied.  Crystals 
seldom  exhibit  complete  geometrical  fonma,  that  is  to  say  the  complete  archi* 
tectural  design  is  rarely  completed^  yet  the  internal  structure  is  always  charao- 
terifltic  and  by  oieans  of  optical  properties  and  the  cleavage  planes  produced  by 
fracture  of  the  cryatal  this  structure  may  be  recognised.    Occaaioually  subataiioet^ 
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are  ciboenred  to  crystallixe  in  different  torms  which  mUBt  be  re^ 
ferred  to  more  than  one  system.  Sulfur  la  an  example  of  such  a 
pubstance.  If  two  systems  are  represented  the  substance  is 
said  to  be  dimorphous.  If  more  than  two  it  is  poljrmorphous- 
Occasionally  different  substances  cr>'stalUze  in  the  same  form 
and  are  hence  called  Isomorphous.  (See  Mitacherheb^s  Law  of 
laomorphlsmO 

Rhofnbic  Sulfur,  —  As  sylfur  is  ordinarily  en- 
comitered,  it  is  pale  yellow,  brittle,  tastelass,  odorlesSj 
and  insolulile  in  water.  It  eonaists  of  minute  imper- 
fect crystals,  which  are  cliissed  by  the  crystallog- 
raphers  as  rhombic.  If  sulfur  be  dissolved  in  carbon 
disulfide  and  the  solution  slowly  evaporated  spon- 
taneously, large  octahedral  crystals  may  be  obtained. 
About  thirty  varietie-s  of  such  (Tystals^  all  of  the 
rhombic  type,  have  been  described.  Sulfur  in  this 
form  has  a  specific  gravity  of  from  2.06  to  2.03.  It  is 
soluble  to  varying  deji^ees  in  solvents,  such  as  chloro- 
form, essential  oils,  glycerine,  alcohol,  etc.  About 
70%  of  flowers  of  sulfur  is  of  this  type.  Its  melting 
point  is  112.8**. 

Mom^cHmc  Sulfur*  — If  a  fairiy  large  quantity 
of  sulfur  is  melted  and  allowecl  to  cool  until  a  surface 
crust  is  formed^  the  surface  may  be  punctured  and 
the  portion  yet  liquid  may  be  poured  out.  The  crust 
may  be  removed  and  the  interior  found  partially  filled 
wnth  long  needle-shaped  crystals  of  the  monoclinic 
type.  This  form  of  sulfur  differs  from  rhombic  sulfur 
in  many  respects.  The  specific  gravity  is  L93*  The 
melting  point  is  119,5*^.  The  monoclinic  form  slowly 
changes  to  the  rhombic  fonn  at  ordinary  temperature. 
This  change  is  of  course  accompanied  by  change  of 
volume  since  the  specific  gravity  changes  from  L93 
to  2.06.  By  means  of  a  dilatometer  (see  Fig.  63)  this 
change  of  volume  may  be  mea.sured.  Thus,  if  crystals 
of  the  monoclinic  type  are  placed  in  the  bulb  and  the 
vessel  is  filled  to  the  mark  A  with  a  suitable  liquid 
the  change  of  volume  may  be  noted  by  the  lowering 
of  the  liquid  level.  Also,  by  means  of  the  dilatometer 
it  may  be  shown  that  both  firrms  are  stable  in  the 
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presence  of  each  other  at  94.5°.  This  temperature  is  known  as] 
the  transition  temperature*  Above  94,5**  rhombic  changes  toi 
monoclinic;  below,  monoclinic  to  rhombic.  There  are  several  j 
varieties  of  crystals  of  the  monoclinic  type. 

AmarphouB  Sulfur.  —  If^sulfur  be  heated  to  just  above  itsl 
melting  point  it  forms  a  straw-colored,  limpid  liquid.  If  it  be! 
heated  slowly  to  a  higher  temperature  it  gradually  darkens  and] 
becomes  more  viscous.  At  162°  it  is  almost  black  and  will  nol 
longer  pour  from  the  containing  vessel.  This  viscidity  reaches  al 
maximum  at  180°,  As  the  temperature  is  raised  the  liquid  J 
though  remaining  dark,  becomes  again  mobile.  The  boiling  point] 
is  444.5°.  If  sulfur  at  a  fairly  high  temperature,  about  350**,  iai 
poured  into  cold  water  it  solidifies  to  a  tough  rubbery  mass  which] 
gradually  hardens.  The  hardened  sulfur  is  only  partially  solublol 
in  carbon  disulfide.  It  thus  appears  that  molten  sulfur  consists} 
of  at  least  two  varieties.  They  are  known  as  X-sulfur  and  /x-sulf  ur* 
These  two  varieties  of  sulfur  are  not  crystalhne  and  are  hence  j 
called  amorphous.  The  amorphous  X-euIfur  may  also  be  pro-] 
duced  by  treating  a  saturated  solution  of  sulfur  dioxide,  at  0°, 
with  hydrogen  sulfide:  SOa  +  2HjS  -*  2HsO  +  33.  This  variety  j 
of  sulfur  is  nearly  pure  white  and  is  wholly  soluble  in  carbon] 
disulfide.  If,  however,  a  solution  of  a  pol>^ulfide  iq,v,)  is  treated 
with  a  dilute  acid,  a  finely  divided  suspension  is  obtained,  which  I 
is  known  as  milk  of  sulfur.  The  suspended  sulfur  will  slowly! 
settle  out.  It  is  the  non-crystaUine  m  sulfur.  It  is  almost  wholly] 
insoluble  in  carbon  disulfide.  It  slowly  changes  to  rhombic  sulfur] 
on  standing. 

Chemical  Properties.  —  Sulfur  combines  slowly  with  the  oxy- 
gen of  the  air  at  ordinary  temperature,  in  the  presence  of  moisture. 
The  product  of  the  reaction  is  sulfur  dioxide,  SOj,     The  kindling 
point  in  air  is  about  363°.     It  kindles  at  a  lower  temperature  in     i 
oxygen  and  as  a  vapor  in  both  air  and  oxygen.    The  product  of  ■ 
burning  sulfur  is  mainly  sulfur  dioxide.     If  sulfur  is  brought  into^ 
intimate  contact  with  metals  sulfides  are  often  produced;  in  some 
cases  at  the  ordinaiy  temperatures  in  other  cases  only  at  elevated 
temperature  (cf.  mercury  and  sulfur,  p.  41,  and  iron  and  sulfur, 
p.    12).      At  a  high  temperature  it  combines    directly^   thou^ 
slowly,    with    carbon,    chlorine    and    hydrogen  {vide    infra).     It 
will  be  observed  therefore  that  sulfur  is  a  very  active  element. 
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U  Hilfiir  ■  trettfied  visa  pcvsfii  <^Tif:ir^  scectSw  f ^^  wvih, 
ii^^iiynimfil  Bszie  loi.  is  wt  preaeue  cc  vm:<r  lae  rntrsc? 
of  the  icaction  ■  aoifizr  tri(HJ»  S^Zv  Tbe  siirir  Trrxiig  vna 
vatcr  fonns  ailfiirse  add  liit  vtf^  . 

Tike  ffiff^^fi*  sn^i?  oc  ntrz'  Tipcr  %z  SSF  z  a^wl-i"  r.-igeiy 
16,  viiidb  cQRopoodi  to  &  sscuenliir  ^■fgr-i  cc  ISI.  cr  Si^  J^ 
tte  tempcrasure  of  tfa«  vwcr  s  izisoised  ihie  i«srr  -iscm^ta 
■til  aft  lOOOT  it  oarnapocds  aisgyR  cacrjj  :o  ?&#  fon&ilA  Si. 
Above  lOOOT  the  dcBssr  recaas  Crir:«  cccal^^  iziti!  1700°  a 
rfaen  it  befas  ifia  ^o  decrease  v.ih  incms=c  :«a- 
(C/.  iocfine.  jl  14S.  Tbe  ^cierclar  w««h:  oc  sulfur 
in  aofanioa  br  tbe  frygr^g  &rd  rciliz^  poir^  mccb- 
odi  ■  256,  or  3^  It  wooid  upe&r.  ibsreiore.  uia:  a«ccrt£zif  to 
the  tnmrrr  *i"'*  we  mfty  haTe  &  zxietnlir  cccpLexirj  of  5|.  ^ 
8|  or  S.  Wlietlier  in  Uct  zDoiecTzLes  ecrrespocdiz:^  :o  Si  esiss  is 
BOt  definitcij  aoeertamed.  snjce  %  zLJi:ur»  of  Si  ace  Ss  in  proper 
lauputljopa  mi^  pre  densctzes  ea?7e5poc'iii:c  to  eiiher  S|  or  S|. 

A  flobataiioe  shoving  tbe  rr»:r.::ruza  qTiantitT  of  sulfur  in  a 
gnm  imirmlir  Tohmie  a  hTdrocen  sulSde.  which  codskb  of 
1016  parti  of  hjdiuggii  and  32.06  par:^  of  sulfur.  The  atomic 
ti^t  of  flolfiir  ■  therefore  32.(K.  The  equivalent  weight  of 
nlfur  in  Blrar  adfide  as  determiz:<d  by  S:as  is  16.035.  Sulfur  is 
therefore  bivalent  in  compounds  of  this  type.  As  we  *>i«^n  see, 
nlfur  maj  abo  manifen  a  valency  of  either  four  or  six  as  iHijfr- 
tisted  by  the  two  ooddes.  SOi  and  SO|. 

Cisaa. — Sulfiir  finds  extensive  application  in  the  manufacture 
of  gunpoivder,  matdaes,  vulcanixed  rubber,  color  materials,  sul- 
ite  EqnoffB  for  bleaching,  sulfur  dioxide  for  disinfection  and  for 
■dfaric  add,  snlfar  compounds  used  as  insecticides  and  fungicides^ 
etc  It  la  abo  used  both  as  an  element  and  in  compounds  for  van* 
oos  m^^^  purposes.  An  indication  of  the  quantity  used  is  shown 
by  the  fact  that  in  the  United  States  about  300^000  tons  were 
in  1915. 


HTDaoGEN  Sulfide  axd  Debivativss 

fm  —  Hydrogen  sulfide  occurs  as  a  free  gas  in  the 
ohalationa  from  Tcdcanoes  and  is  found  in  small  quantities  die* 
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solved  in  certain  mineral  waters,  where  it  is  usually  produced 
tho  hydrolyBis  of  mineral  BulfideJ?,  It  and  its  organic  derivatives 
are  also  formed  during  the  decay  of  albuminous  material  in  ab- 
sence of  air.  It  is,  therefore,  a  component  of  the  ill-smelling  gases 
arising  from  sewers  and  in  harbors.  It  is  consequently  present  in 
the  air  of  cities.  Its  salts,  the  sulfides,  are  extremely  abundant  m 
nature  and  are  widely  distributed  (c/.  p,  213). 


4 
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History,  —  Since  milk  of  sulfur  was  known  to  the  alchemii 
they  must  have  also  known  the  odor  of  hydrogen  sulfide,  since 
is  formed  in  the  same  reaction.  Indeed,  Boyle,  1663,  knew  that 
the  gas  '*  blackened  silver  just  as  liver  of  sulfur  does.''  Meyer 
of  Osnabruck  (1764)  knew  the  gas  to  be  combustible  and  that  it  is 
poisonous.  Yet  the  first  careful  investigation  of  its  properties  was 
published  in  1777  by  Scheele  in  the  same  paper  in  which  he  an- 
nounced the  discovery  of  oxygen.  He  gave  it  the  highly  descrip- 
tive, though  not  elegant,  name  of  "stinldng  sulfur  air.'*  It  was 
given  the  name  hydrogen  sulfide  by  Gengembre  in  1785.  lis  use 
in  chemical  analysis  was  first  advised  by  Fourcroy  in  1787  and  its 
complete  recognition  as  a  non-oxygen  acid  establisbed  by  Berthol- 
letinl786. 


It 


Preparation.  —  1,  Hydrogen  and  sulfur  combine  directly,  with 
appreciable  rapidity,  only  at  elevated  temperature  —  as  by  passing 
the  two  substances  in  the  form  of  gases  through  a  red  hot  tube  or 
by  bubbUng  hydrogen  through  sulfur  kept  near  it^  boiling  point.^ 

Eg  +  S  gas  ->  HsS  +  4820  caL 

*  2.  The  most  convenient  method  of  preparation  is  to  treat 
sulfide,  such  as  FeS,  ZnS,  Na^S,  etc.,  with  a  dilute  acid,  which  is  n* 
at  the  same  time  an  oxidizing  agent.  Of  course,  we  must  ajssume 
in  terms  of  the  ionization  hj'pothesis  that  the  reaction  only  oc«;ui» 
between  the  soluble  sulfide  and  acid.  If,  then,  only  a  moderately 
soluble  sulfide  is  used,  the  rate  of  reaction  will,  in  part,  be  detemuned 
by  the  rate  of  solution  and  hence  the  speed  of  reaction  be  more  easily 
controlled.  We  are  then  deaUng  with  both  sorts  of  equilibria 
(p,  133  et  seq,)  and  the  reaction  may  be  expressed; 

FeS  ^  (FeS  ^  Fe^°  +  S" )  +  (2H°  +  2Cl'  ^  2HC1)  i=t  FeCU  +  H,S. 
solid  solution  diBsolved      pm 

The  reaction  goes  to  completion  both  because  the  gas  HjS  is  but 
slightly  soluble  and  because  it  is  only  slightly  ionized.     Of  couiBe, 
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By  soluble  sulfide  can  be  usetl  in  lieu  of  ferrous  sulfide,  but  because 
of  Or  cheapness  and  the  comparative  ease  with  which  tlie  rate  of 
flow  may  be  regulated  by  means  of  a  Kipp  apparatus  the  ferrous 
sulfide  is  ordinarily  employed.  Insoluble  sulfides  of  the  type  of 
iron  p>T*ite8  are  not  acted  upon  by  acids  with  appreciable  rapidity, 
but  by  simultaneous  action  of  nascent  hydrogen  and  acid  are 
reduced,  e,g,^  if  zinc  and  iron  pyrites  are  mixed  and  treated  with 
acid: 

FeS,  +  2H,S04  +  Zn  -►  ZnSO*  +  FeSO^  +  2H2S. 

3.  Hydrogen  sulfide  is  also  produced   when  sulfuric  acid  is 
treated  with  powerful  reducing  agents: 

H,S04  +  SHI  ->  HtS  +  4H2O  +  41,, 

and  in  an  analogous  manner  all  sulfates  are,  by  sufficiently  active 
reduction,  reduced  to  sulfides.     Thus,  with  a  blowpipe  on  charcoal 

NajSO*  +  2C  ->  2CO2  +  Na«S. 

Cideedi  by  reduction  of  sulfur  itself,  hydrogen  sulfide  may  be  pro- 
need.  Thus,  by  heating  sulfur  and  hydriodic  acid  wc  obtain: 
II  +  S  -^  HaS  +  I3.  This  reaction  is  a  reversal,  so  far  as  form 
ife  concerned,  of  that  given  on  p.  150,  but  the  conditions  are  such 
that  the  energy  relations  arc  very  different.  The  he^it  of  formation 
of  gaseous  HI  at  18**  C.  is  -  6100  caL  Therefore  2HI  +  S  -*  H,S 
+  I,  +  10,920  cal  The  heat  of  formation  of  aqueous  HI  is  19,200 
cal.  Therefore  an  aqueous  suspeasion  of  I2,  with  hydrogen  sulfide 
reacts: 

Is  +  HjS  +  (AqO  ->  2HI  +  S  +  14,380  cal. 

Both  reactions,  therefore,  are  exothermal  and  hence  not  true  re- 
versals of  each  other. 

4,  Certain  sulfides  suffer  complete  hydrolysis  in   water  and 
beooe  may  be  used  for  the  preparation  of  hydrogen  sulfide.     An 

iple  is  AIiSs  +  fiHjO  -^  2A1(0H)3  +  SHjS.     It  is  obvious  that 
lich  sulfides  niay  not  be  formed  in  aqueous  solution. 

Physical  Properties.  —  Hydrogen   sulfide   is   a   colorleas   gas 

jch  has  an  odor  "  reminiscent "  of  spoiled  eggs,  which,  indeed, 
re  a  portion  of  their  odor  to  this  gas.     The  odor  is  usually  classed 

unpleasant,  but  like  the  trite  quotation  concerning  vice,  with 
iiiliarity  one  gets  into  a  frame  of  mind  which  approaches  ap- 

ciation.  It  liquefies  under  pressure  to  a  colorless  fluid  with  a 
ailing  point  of  about  —62^,     Its  critical  temperature  is  100**  C, 


It  dissolves  in  water:  437  voL  to  100  vol.  at  10**  C.  The  gas  is 
poisonous  and  even  when  diluted  with  much  air  its  inhalation  pro- 
duces headache  and,  if  continued^  nausea  and  coma«  and  ulti- 
mately death.  Inhalation  in  concentrated  form  produces  serious 
symptoms  at  once.  Sewer  gas  poisoning  is  largely  due  to  hydrogen 
sulfide.     The  gas  has  a  specific  gravity  of  1.1912.  f 

Chemical  Properties,  —  The  chemical  properties  of  the  gas  are 

very  important  because  of  their  typical  nature,  and  also  because  of 
the  extensive  use  of  the  substance  as  a  reagent.  Its  specific  gravity 
as  a  gas  corresponds  to  a  molecular  weight  of  34,  and  its  analysis 
calls  for  the  exact  weight  34,09.  The  volume  relations  are  shown 
by  decomposition  through  sparking  a  measured  amount  in  a  tube 
over  merciu-y,  or  by  allowing  it  to  stand  over  tin  which  is  sup- 
ported by  a  mercury  column.  The  resulting  volume  of  hydrogen 
is  the  same  essentially  as  that  of  the  original  gas.  The  volume  of 
the  solid  sulfur  is  negligible,  hence  we  may  write  the  molecular 
equation: 

Hf S  — ►  S  -\-  Hf. 

1  vol.  1  voL 


f 
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The  gas  burns  in  airi  HjS  +  30  — ►'HtO  +  SOa,  but  if  a  cold  vessel 
is  plunged  into  the  burning  gas  and  removed  it  will  be  found  coated 
with  a  deposit  of  sulfur*  This  may  be  considered  as  indicating  that 
2Hf  +  Sa  ¥=^  2HjS  is  a  reversible  reaction  and  that  at  high  tem- 
perature there  is  a  considerable  proportion  of  free  sulfur  in  the 
unburned  gas^  which  cooled  below  its  kindling  temperature  by  the 
cold  surface  is,  therefore,  deposited.  ■ 

The  gas  reacts  readily,  even  at  ordinary  temperatures^  on  the 
metals  of  the  electromotive  series  down  to  and  including  silver, 
producing  sulfides.  This  is  like  the  behavior  of  sulfur  and  is 
probably  due  to  the  prasence  of  sulfur  as  indicated  by  the  above 
equilibrium  system.  The  behavior  of  the  gas  with  sulfur  dioxide 
also  indicates  its  instability,  since  SO2  +  2H2S  -►  3S  +  2HiO.  It 
is  true  this  reaction  may  be  due  to  the  presence  of  moisture  and 
belong  to  the  reducing  effects  of  the  acid  solution  (see  below). 
Volcanic  sulfur  is  supposed  to  be  produced  by  this  means,  both 
gases  being  produced  by  volcanic  action.  If  we  attempt  to  dry 
the  gas  by  means  of  concentrated  sulfuric  acid  we  find  that  it  and 
the  acid  are  decomposed : 
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We  must,  therefore,  use  some  non«oxidizing  (and  as  we  shall  8ee» 
oon-baidic)  drying  agent;  the  most  convenient  one  for  the  purpose 
ie  phosphorus  pentoxide.  The  solution  of  hydrogen  sulfide  in  water 
El  called,  when  the  object  is  to  emphasize  its  acid  nature,  hydro- 
fttlfuric  acid,  and  its  most  important  properties  may  be  classed 
under  three  heads. 

1.  Acid  Actloa*  —  The  aqueous  solution  of  hydrogen  sulfide  is 
a  very  weak  acid  (c/.  p.  175).  The  ions  are  apparently  H**  and  SH'. 
The  equilibrium  may  be  represented,  HjS  ;=i  H°  +  SH'.  This  is 
similar  to  the  ionization  of  water.  The  solution  also  reacts  as  a 
dibasic  acid  and  furnishes  both  neutral  and  acid  salts.  So  far  in 
our  discussion  of  acids  attention  has  been  directed  chiefly  to  the 
hydrogen  ion.  In  the  present  instance  the  anion  is  the  more 
important.  This  is  because  the  salts  are  of  extensive  use  in  ana- 
laical  operations  because  of  their  varied  behavior*  We  may  indi- 
cate the  general  behavior  of  solutions  of  the  salts  of  metals  by  the 
followiDg  equation: 

MX  +  HiS  -^  MSH  +  HX. 

With  many  metals  the  hydrosulfide  is  unstable  and  produces  the 
sulfide  by  decomposition: 

2MSH  ^  US  +  H,S. 

the  sulfide  is  insoluble  it  will  precipitate  and  both  reactions  go 
to  completion  in  the  direction  — ».  The  various  metal  sulfides  may 
be  di\aded  into  five  groups: 

L  Sulfides  which  are  precipitated  in  insoluble  form  by  hydro- 
gen sulfide  from  salt  solutions  even  in  the  presence  of  an  excess  of 
acid.  These  are  the  sulfides  of  silver,  lead,  mercury,  bismuth, 
copper,  cadmium,  arsenic,  tin,  antimony,  and  of  certain  of  the 
rarer  elements.  These  sulfides  are  of  two  sorts;  A,  those  insoluble 
in  alkaline  sulfides  and  B,  those  soluble  in  alkaline  sulfides.  To  the 
latter  sort  belong  arsenic  sulfide,  antimony  sulfide,  and  tin  sulfide. 

2.  Sulfides  which  are  insoluble  when  in  neutral  solution  but  are 
not  precipitated  in  the  presence  of  acids.  To  this  group  belong 
such  sulfides  as  those  of  iron,  cobalt,  nickel,  manganese  and  zinc. 

3.  Sulfides  which  while  they  form  in  aqueous  solution  are  hy- 
drolysed  by  water  giving  insoluble  hydroxides.  Such  are  the 
sulfides  of  aluminium,  chromium  and  of  iron  when  in  the  ferric 
state.     The  following  equation  will  explain  the  reaction: 

I A1,S,  +  6H,0  -f  2A1  (0H)»  +  3H,S- 

h 
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4,  Sulfides  which  are  hydrolyzed  by  water  but  produce  hydrox- 
ides sufficiently  soluble  to  remain  in  sohitions  of  rjBasonable  dilu- 
tion.    Examples  are  the  sulfides  of  barium,  strontium  and  calcium* 

5.  Sulfides  fairly  stable  in  aqueous  solution.  Examples  are 
sulfides  of  sodium,  potassium  and  ammoniuiu. 

The  sulfides  not  only  differ  in  solubility,  aa  indicated  by  the  above 
grouping,  but  the  members  of  each  group  differ  from  each  other  in 
color  and  degrees  of  solubility  to  an  extent  which  renders  them 
very  useful  as  a  means  of  detecting  the  presence  of  metals.  The  use 
of  hydrogen  sulfide  for  the  purpose  is  so  extensive  that  the  odor  of 
the  gas  may  be  said  to  be  characteristic  of  an  analytical  laboratory, 

2.  Reducing  Action.  —  The  second  property  of  hydrogen  sulfide 
which  makes  for  utility  is  its  reducing  power.  ^Tien  we  treat  solu* 
lions  of  ordinary  oxidizing  agents  with  hydrogen  sulfide  we  get 
immediate  reduction  and  at  room  temperatures.  Thus  acidified 
permanganates   react  as   indicated: 

2KMn04  +  3H3SO4  +  5H2S  -^  3H4O  +  K2SO4  +  2MnS04  +  58; 
K^GriOi  +  4HjS0i  +  3H,S  -^  KiSO,  +  Cr^  (SOJs  +  7HiO  +  3S. 

Hydrogen  sulfide  also  acts  as  a  reducing  agent  in  neutral 
or  alkaline  solution,  but  the  products  of  the  reaction  may  be  differ- 
ent.    Thus  in  the  case  of  permaoganate  we  have; 

2KMnO|  +  3H2S  ->  2K0H  +  2Mn02  +  2HtO  +  3S. 

3.  Instability. — ^The  instability  of  hydrogen  sulfide  as  a  gtf 

has  been  mentioned  (p.  222),  In  solution  it  is  also  unstable. 
Indeed  the  reducing  power  of  the  solution  is  probably  due  to  its 
instability.  If  aqueous  solutions  of  the  gaa  are  exposed  to  the 
air  the  gas  not  only  escapes  but  a  part  decomposes  by  reaction 
with  oxygen:  2H2S  +  O5— *2HtO  +  S.  Sunlight  also  facihtates 
the  decomposition.  Solutions  of  the  gas  are  therefore  not  readily 
kept  and  this  fact,  coupled  with  its  relatively  small  solubility, 
accounts  for  the  use  of  hydrogen  sulfide  in  gaseous  form.  The 
gas  is  manufactured  and  passed  into  solutions  in  which  it  is  ex- 
pected to  function. 

The  oxidizing  effect  of  air  and  also  the  effect  of  sunlight  oper- 
ate, though  to  a  lesser  degree,  upon  solutions  of  the  soluble  sul- 
fides. In  consequence  the  extensively  used  reagent,  ammonium 
sulfide,  (NH4)2S,  is  kept  in  closely  stoppered  brown  bottles  to 
minimize  the  tendency  to  decompose  as  indicated: 

2{NHi)aS  +  0z-*  4NH»  +  2H,0  -h  2S. 
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Fuller  (Udciisaion  of  certain  sulfides  will  appear  as  the  metals 
themselves  come  up  for  review.  (See  alao  texts  on  Qualitative 
Analysis.) 

Potysulfides.  —  Just  as  oxygen  forms  two  oxides  with  hydrogen, 
so  sulfur.  When  sulfur  is  shaken  with  a  solution  of  an  alkaline 
sulfide  it  dissolves  and  if  the  solution  is  evaporated  the  residue 
has  a  composition  which  varies  between  the  limits  Na^Ss  and 
NatSj,  according  to  the  amount  of  free  sulfur  used. 

If  this  material  be  dissolved  in  water  and  poured  into  a  weakly 
acid  solution,  a  yellow  oil  separates.     This  is  perhaps  according 
the  following  equation : 

Na^Sfi  +  2HC1  -►  2NaCl  +  H^S^. 

If  this  oil  be  distilled  under  diminished  pressure  it  may  be  resolved 
into  fractions  which  by  the  freezing  point  method  may  be  shown 
to  correspond  to  the  formulas  H2S2,  H2S3,  and  HjSfi,  If  the  re- 
verse order  is  followed  and  the  acid  is  poured  into  the  alkahne 
sulfide,  the  reaction  takes  place  as  indicated:  Na^Sg  +  2HC1 
—*■  2NaCl  +  4S  +  H2S.  The  first  of  the  compounds  above  men- 
tioned is  very  unstable  and  its  behavior  relates  itself  closely  to 
that  of  hydrogen  peroxide.  The  others  will  be  again  mentioned 
under  the  topic  of  constitution  of  sulfur  compounds.  The  soluble 
salts  of  these  compounds  with  metals  are  jointly  known  as  the 
poljsolfides.  The  most  important  polysulfide  is  perhaps  that 
known  as  yellow  ammonium  sulfide  (NH4)2Sx,  which  is  much  used 
as  a  laboratory  reagent.  Another  extensively  used  polysulfide  is 
that  of  calcium,  CaS,,  which  under  various  trade  names  is  exten* 
"ively  used  as  a  germicide,  fungicide  and  insecticide. 


Sulfur  Dioxide 

Occurrence,  —  This  oxide  is  found  in  nature  in  volcanic  gases 
and  in  springs  in  volcanic  regions  and  is  always  present  in  the  air 
of  cities  where  coal  containing  sulfur  is  burned. 

History.  —  Sulfur  dioxide  was  used  in  the  time  of  Homer  as 
a  disinfectant  and  in  religious  ceremonies.  Its  bleaching  powers 
were  known  to  ParaceUus.  Von  Helmont  knew  that  the  gas 
would  quench  flames.  Its  solution  in  water  was  for  long  confused 
_with  sulfuric  acid.     Priestley  obtained   the  gas  by  reduction  of 
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aulfurie  acid  and  called  it  vitriolic  acid  air.  In  1777,  Lavoisier 
demonstrated  its  relation,  when  dissolved  in  water,  to  sulfuric 
acid  and  hence  in  accord  with  bis  system  of  nomenclature  be 
called  it  sulfurous  acid. 

Preparation,  —  1.  When  sulfur  is  burned  either  in  air  or  oxygen, 
the  chief  product  is  the  dioxide,  with  small  amounts  of  sulfur 
trioxide.  Sulfur  dioxide  is  also  formed  by  oxidation  of  sulfur 
with  certain  oxidizing  agents,  though  the  trioxide  is  ordinarily 
formed.  It  may  also  be  formed  by  roasting,  i\e,,  heating  in  air, 
of  iron  pyrites  and  of  other  sulfides.  This  method,  essentially 
burning  sulfur,  is  the  one  commonly  employed  for  its  preparation 
on  a  large  scale,  and  makes  it  a  by-product  of  many  metallurgieal 
processes. 

2*  If  sulfuric  acid  be  heated  with  metals  or  other  reducing 
agents  sulfur  dioxide  is  formed.  Thus  with  carbon:  2H2SOi  + 
C— >2HaO  +  2SO2  +  COj;  with  metals  the  sulfates  are  formed  as 

(1)  Cu  +  HiSO*  -^  CuO  +  Sa  +  HsO.  

(2)  CuO  +  HjSOi  -♦  CuSOi  +  H,0. 


or  by  addition 

Cu  +  2H1SO4  ^  CuSOi  +  SO,  +  2H|0. 

3.  Sulfites  treated  with  concentrated  sulfuric  acid  form  the' 
most  convenient  source  of  small  amounts  of  the  oxide;  for  example, 
if  concentrated  sulfuric  acid  be  dropped  into  a  saturated  solution 
of  sodium  bisulfite,  NaHSO^  +  nSO^  -*  NaHSOi  +  HjO  +  SO,, 
a  steady  stream  of  sulfur  dioxide  is  produced  which  may  be  dried 
by  passing  it  through  concentrated  sulfuric  acid.  m 

Modifications    of    these    methods    are   employed   for,    or    iii-(| 
cidentally  result  in,  the   preparation  of  the  oxide,  but  all  are 
typified  by  those  cited.  ^ 

Properties,  —  Sulfur  dioxide  is  a  gas  at  ordinary  temperature 
which  ha^  a  characteristic  odor.  It  is  a  blood  poison  and  causes 
a  peculiar  and  irritating  effect  upon  the  throat  and  lungs.  It  is 
injurious  to  vegetation  and  its  disposal  forms  an  interesting  chapter 
in  the  development  of  utilization  of  by-products,  (See  the  Cot* 
trell  Process.)  At  —8^  the  gas  condenses  to  a  clear,  colorless 
liquid,  and  at  —70**  changes  to  a  white  sohd.  The  gas  may, 
therefore,  be  readily  liquefied  by  cold  and  pressure.     It  is  marketed 


yphoDS  or  steel  cylioders  or  cans.  At  20°  its  pressure  ia 
at  3.25  atmospheres,  so  that  the  heavy  cylinders  used  for  ammonia 
and  carbon  dioxide  are  not  necessary.  By  rapid  volatilization  of 
the  liquid,  temperatures  as  low  as  —50**  can  be  easily  obtained. 
It  may  therefore  be,  and  is,  used  for  purposes  of  refrigeration. 

The  liquid  is  an  excellent  Ro!vent  for  sulfur,  iodine^  phcM^phorus,  rosina  and 
iiiB^y  other  subetanoes.  The  solutions  of  tonogens  in  sulfur  dioxide  are  soroewhat 
better  eonducton  than  the  same  substances  in  water.  The  reconciliation  of  the 
rantta  with  the  hypothesis  of  ionization  ia  at  present  impossible  and  the  reaaons 
lar  tbiB  failure  of  the  theory  to  sqimre  with  facta  does  not  yet  appear. 

The  specific  gravity  of  the  gas  is  2,264  and  consequently  the 
It  of  a  gram  molecular  volume  is  66.54  and  the  corrected  molec- 
ular weight  64.06.  The  critical  pressure  is  79  atmospheres  at  a 
critical  temperature  of  157**,  The  solubility  of  the  gas  is  approxi- 
mately 50  vol.  to  one  of  water,  and  the  solution  behaves  as  an  acid, 
the  properties  of  which  are  discussed  below.  Yet  on  being  warmed 
the  gas  is  Uberated  and  no  constant  boiling  hydrate  is  formed. 

€Ihemical  Properties.  —  The  gas,  if  heated  sufEciently  to  up- 
wards of  1200°,  decomposes  into  sulfur  and  sulfur  trioxide,  probably 
aeoording  to  the  equation, 

3S0,  — 2SQi  +  S. 

This  action  is  reminiscent  of  the  behavior  of  hypochlorous  acid 
(g.  p.)  and  it  will  be  seen  to  be  representative  of  the  behavior  of 
its  derivatives  and  is  of  rather  general  application  (c/.  sulfites  and 
phosphites). 

This  reaction  may  also  be  effected  by  sparking  with  electricity. 
It  also  appears  to  take  place  under  the  influence  of  light.  The  gas 
is  ordinarily  considered  as  neither  combustible  nor  a  supporter  of 
combustion  and  may  be  used  as  a  fire  extinguisher,  yet  some  sub- 
stances are  capable  of  burning  in  it;  as,  for  example,  magnesium 
rihbon,  if  ignited  and  plunged  into  it  continues  to  burn.  Iron 
reacta  when  heated  with  the  gas  to  produce  iron  oxide  and  sulfide. 
It  also  effects  the  oxidation  of  hydrogen  sulfide,  even  at  room  tem- 
perature^  as  in  the  reaction  already  given  (p.  222).  On  the  contrary, 
the  oxide  is  capable  of  acting  as  a  reducing  agent,  as  when  with 
chlorine  it  unites  directly  to  form  sulfuryl  chloride,  SOiCl^,  the 
reaction  being  facilitated  by  light.  Also  when  sulfur  dioxide  and 
oxygeo  are  passed  together  over  finely  divided  platinum  they  unite 
to  form  SOi*     (See  contact  process  for  sulfuric  acid.)     When  sulfur 
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diox^ide  is  formed  from  oxygen  and  sulfur,  in  the  solid  conditio 
no  change  in  volume  takes  place  after  the  ioitial  temperature  h 
been  regained.  This,  as  well  as  the  molecular  weight,  indicates  ii 
formula  as  SOj  and  in  the  absence  of  any  evidence  to  the  contra; 
would  indicate  a  valence  for  the  sulfur  of  four  and  a  constitutional 
formula,  O  =  S  =  O. 


I 


It  is  perhaps  in  order  t'O  again  call  attention  to  the  exteiisk)n  of  the  tenns 
oxidation  and  reduction.  In  any  case  where  we  have  reason  to  believe  that  the 
positive  valence  of  any  element  or  radical  is  raided  or  negative  valence  deereai^ed 
wc  use  the  term  oxidation.  In  any  case  where  the  positive  valence  is  decreased 
or  negative  valenre  increased  we  have  reduction.  In  this  sense  it  will  be  seen 
that  both  terms  must  always  U*  applicable  whenever  one  of  them  is,  i.e.,  oxidation 
of  one  substance  is  only  possible  by  simultaneous  reduction  of  another.  (1 
also  Electronic  hypothesis.) 


^ 


Sulfuratis  Acid.  —  This  term  is  properly  applied  only  to  the 

solution  of  sulfur  dioxide  in  ivater,  though  sometimes  the  gas 
itself  is  referred  to  as  sulfurous  acid,  of  which  it  is,  properly  speaking, 
but  the  anhydride.  The  reaction  presumed  to  take  place  when 
sulfur  dioxide  dissolves  in  water  is  indicated  by  the  equation 
SOa  -|-  HaO  ^  HaSOa,  In  view  of  the  fact  that  the  pure  compound 
has  never  been  isolated,  it  may  be  well  to  indicate  the  kind  of 
evidence  leading  to  this  conclusion. 

The  solution  of  the  gas  is  acid  in  reaction.  This  might  by  itself 
seem  conclusive  were  it  not  for  the  fact  that  when  the  solution  is 
heated  the  gas  wholly  disappears,  and  the  further  fact  that  the 
solubility  at  slightly  elevated  temperatures  accords  with  Henry's 
law  (q.v.)^  which  is  not  ordinarily  the  case  when  chemical  reaction 
takes  place  between  a  gas^  as  splute,  and  the  solvent.  However, 
when  the  solution  is  treated  with  bases  we  get  salts  which,  accord- 
ing to  the  quantity  of  base  used,  are  either  acid  or  neutral  salts* 
This  behavior  would  correspond  to  the  reactions: 


and 


NaOH  +  H^SOs 
2NaOH  +  H2SO, 


►NaHSOa  +  HjO 
^  NasSOa  +  2H2O. 


■ 

esent. 


These  salts  could  scarcely  be  formed  were  the  acid  not  present 
Moreover,  the  behavior  of  the  acid  io  all  respects  conforms  to  what 
we  should  expect  from  the  principles  of  homogeneous  and  hetero- 
geneous equilibrium  if  the  reaction  were,  as  indicated  above,  a 
readily  reversible  one.  Removal  of  sulfur  dioxide  disturbs  the 
system  io  the  direction  indicated  by  the  reverse  arrow  *—  and  of 
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Fulfurous  acid  by  bases  or  otherwise,  in  the  direction—*.  We  are 
hence  dealing  with  a  syi^tera  rather  than  one  substance  when  we 
codflider  the  behavior  of  sulfur  dioxide  in  water. 

SOi  +  H2O  ♦=£  HaSOs  ^  H"  +  HSO»'  izt  H^  +  SO/'. 

At  low  temperatures  several  hydrates  have  been  reported  as  formed. 
It  appears  certain  that  one  at  least*  H2SO3  •  5H20»  really  ejdsts. 
On  allowing  the  solution  to  stand  in  the  sunlight  it  reacts  as 
at«d  by  the  equation  3HtSOs -^  2HiS04  +  8  +  H^O.  If  the 
-F.u^iion  stands  with  free  access  of  air  oxidation  takes  place  slowly 
with  formation  of  sulfuric  acid: 

2H2SOa  +  Oa-^2H2S04- 

If  the  solution  be  treated  with  chlorine,  bromine  or  iodine,  it  is 
alto  slowly  oxidized  to  sulfuric  acid*     Thus 

H,S03  +  HaP  +  h^  H2SO4  +  2HL 

This  reaction  may  be  used  as  a  quantitative  means  of  estimating 
the  amount  of  sulfurous  acid  in  a  solution,  but  the  reverse  reaction 
takes  place  to  an  appreciable  extent  if  the  concentration  of  the 
**  sulfur  dioxide  "  exceeds  0.05  per  cent. 

Sulfurous  acid  is  a  sufficiently  powerful  reducing  agent  to  reduce 
many  coloring  matters,  such  as  indigo,  magenta,  etc.  It  is,  there- 
fore, extensively  used  for  bleaching.  At  all  times,  it  is  not  ap- 
parent that  the  colors  are  really  reduced,  since  many  colored 
materials  are  basic  and  form  sulfites  of  colorless  or  less  highly 
colored  type.  In  either  case  exposure  to  the  air,  particularly  in 
the  sunliglit,  will  reverse  the  reaction.  Thus  if  we  bleach  straw, 
wood  pulp,  grass  or  flowers  by  sulfurous  acid  or  moist  sulfur  diox- 
ide, if  the  reaction  is  a  reduction  we  have: 

HjSOa  +  OX  -^  H3SO4  +  X. 
Oo  removal  from  the  solution  we  get  by  the  exposure  to  the  air: 
2X  -h  O2  — ♦  2X0,  the  original  color* 

Thi«  fairly  satisfactorily  accounts  for  the  yellowing  of  paper,  straw 
hats,  etc,,  by  exposure,  ^ 

Sulfitea* — ^The  acid  sulfites  on  being  heated  decompose  first 
Ato  neutral  sulfites  as  indicated: 

2NaIiS03->NatS03  +  HjO  +  S0». 


I 


This  behavior  is  charaeteristic  of  all  acid  salts  of  volatile,  or  of 
unstable  acids.  The  neutral  salts  on  being  further  heated  undergo 
a  decomposition  analogous  to  that  alluded  to  on  p.  227, 

ANa^SOi  -♦  SNatSO*  +  Na«S. 

The  sulfites,  like  the  free  acid,  are  readily  axidi«»d  by  oxidising 
agents  to  sulfates.  The  oxidation  rate  ia  retarded  by  sugar  or 
glycerine.    These  are,  therefore,  negative  catalyzers.  ■ 

Uses  of  Sulfur  Dioxide*  —  Sulfur  dioxide  is  used  as  a  refriger- 
ant^  as  a  disinfectant  and  as  a  reducing  agent.  In  the  two 
first  mentioned  applications  the  gas  is  the  active  factor,  though 
perhaps  a  large  part  of  the  disinfecting  or  germicidal  activity  is  due 
to  the  change  first  to  sulfurous  and  then  to  sulfuric  acid^  the  latter 
causing  the  death  of  the  organisms  affected.  In  any  case  in  bleach- 
ing fruit  both  disinfection  and  sterilization  are  advantageously 
produced*  Unfortunately,  it  is  not  perfectly  clear  that  fruit  so 
treated  is  as  healthful  as  the  unbleached  and  spore  infected  varieties 
and  we  may  have  to  return  from  white  to  brown  dried  fruits.        ^ 

For  many  aorta  of  disinfection  formerly  effected  by  sulfur  dioxide  fomuilde* 
hyde  ia  now  used,  such  as  dismfection  of  clothing  and  boudos  after  contagioue 
didease.  In  other  caaea  it  m  Bupplanted  by  chlorine.  In  fact  powerful  germiddeB 
of  various  sorts  are  rendering  of  less  impfjrtance  this  once  very  popular  reagent. 

On  the  other  hand»  as  a  bleaching  agent,  particularly  in  the  form  of  acid  sul- 
fites, its  use  is  increasing  since  the  te^iture  of  the  bleached  mnterials  ia  not  so 
Bedoualy  affected  as  in  case  chlorine  is  used.  Where  chlorine  must  be  used,  the 
traoei  of  chlorine  left  in  the  fabric  bleached  and  which  wonld  be  injurious  were  it 
to  remain  are  removed  by  sulfurous  acid.  It  was  formerly  rather  extensively 
used  as  a  preservative  for  wines,  and  other  liquors^  but  this,  as  wdl  as  its  uae  on 
"  hamburger  "  steak  and  other  meats,  is  prohibited  by  the  pure  food  control. 
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Occurrence.  —  As  intimated  previously,  sulfur  trioxide  is  formed 

in  small  amounts  when  sulfur  is  burned  and  both  for  this  reason 
and  because  sulfurous  acid  readily  oxidizes  on  contact  with  air 
sulfuric  acid  is  found  in  small  quantities  in  streams  in  volcanic 
regions  and  in  the  **  pit  water  "  of  mines  of  sulfide  ores.  The 
trioxide  naturally  does  not  occur  in  nature.  Sulfates  are,  of  course^ 
abundant,  as  has  been  already  mentioned  (cf.  p.  213). 
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Hiatary. — Sulfur  trioride  was  apparently  known  under  the 
name  of  *' philosophical  tsalt*'  to  Basil  Valentine  in  the  fifteenth 
century,  he  having  made  the  same  by  distillation  of  calcined  vitriol : 
Fei{S04)i  —*  FeiOa  +  3SOa.  It  was  recognized  as  the  anhydride  of 
sulfuric  acid  by  Guyton  de  Morveau  (a  participant  in  the  Nomencla- 
ture of  Chemistry  with  Lavoisier,  Berthollet  and  Fourcroy)  in  1786, 

Sulfuric  acid,  made  by  distillation  of  alums  {q.v.)  and  vitriols 
(^.9.).  was  known  to  the  ancients,  being  mentioned  by  Geber  and 
others  as  early  as  the  thirteenth  century,  and  in  the  fifteenth  cen- 
tury it  was  known  to  be  produced  by  burning  sulfur  and  niter 
togiether  and  each  of  the  methods  was  supposed  to  produce  different 
"epirits."  Their  identity  was  recognized  by  Libavius  (1595)  and 
by  Boyle  (1664)  and  the  manufacture  on  a  commercial  scale  of 
m  very  powerful  acid  (see  pyrosulfuric  acid)  was  carried  out  by 
dislilling  ferrous  sulfate^  as  early  as  1755  at  Nordhausen.  The 
acid  was  very  expensive  and  a  great  step  forward  was  made  when 
Dr,  Ward  conceived  the  idea  of  burning  sulfur  and  niter  together 
ID  the  presence  of  water  under  large  glass  domes  and  repeating  until 
a  very  concentrated  acid  was  obtained.  This  was  in  1740*  The 
fuming  acid  was  called  Nordhausen  or  German  acid,  and  that  manu- 
factured by  Ward,  as  *'  Oil  of  Vitriol  by  the  Bell/'  or  English  acid. 
The  latter  process  was  much  cheaper,  the  price  being  reduced  from 
about  $3.25  to  60  cents  per  pound.  In  1746,  lead  was  substituted 
for  i^ass  vessels,  and  in  1793,  Clement  and  Desormes  showed  that 
the  process  could  be  made  t^uUnuous  by  using  oxides  of  nitrogen 
ifl  a  catalytic  agent.  The  Gay-Lussac  tower  was  added  to  the 
process  of  manufacture  in  1827  and  Glover's  tower  in  1859.  In 
1831,  Phillips,  an  Englishman,  took  out  patents  for  the  manufacture 
of  the  acid  by  the  so-called  contact  process,  but  by  reason  of  the 
difficulties  encountered  in  the  process  it  was  not  until  1901  that 
Knietsch  put  it  into  practical  effect,  and  at  the  present  time  pure 
acid  is  marketed  at  9  cents  per  pound  and  commercial  acid  by  the 
chamber  process  at  L5  cents.  This  somewhat  statistical  r^sum^  is 
given  because  sulfuric  acid  is  the  most  important  of  all  the  acids 
id  eeveral  million  tona  represent  the  annual  output  and  the  price 

numerous  commodities  and  the  cost  of  almost  innumerable 

sufacturing  processes  is  affected  by  the  price  and  purity  of  this 
ibfltance. 


I 


Preparation.  —  1.   The  Contact  Process.  —  If  oxygen  and  sul- 
fur dioxide  be  heated  together  only  small  quantities  of  the  trioxide 
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are  produced.  Thia  is  because  increase  in  temperature  favors  the 
reverse  reaction  280,  +  Ot  4=±  2S0a.  Indeed,  at  1000**  C.  the  de- 
composition of  SOj  is  practically  complete  and  at  lower  tempera- 
tures the  direct  action  is  too  slow  for  practical  purposes*  If, 
however,  the  mixed  gases  interact  in  the  presence  of  finely  divided 
platinum,  which  is  ordinarily  distributed  on  asbestos  fibers^  the 
interaction  is  rapid  and  almost  quantitative  at  400"  C.  The  ex- 
planation of  this  catalytic  process  is,  according  to  Ostwald,  that 
the  gases  are  occluded  by  platinum  and  the  more  rapid  reaction 
is  due  to  increased  concentration.  Whether  this  is  correct  or  not, 
it  is  true  that  the  air  and  sulfur  dioxide  used  must  both  be  care- 
fully purified  or  else  the  catalytic  effect  of  the  platinum  is 
destroyed.  This  "  poisoning  of  catalyzers  seems  to  be  caused  by 
many  of  the  same  substances  which  produce  toxic  effects  upon  the 
animal  system,  where,  indeed,  the  effect  may  be  the  same,  i,e.,  the 
inhibition  of  the  activity  of  the  animal  enzymes,  or  catalyzers, 
which  maintain  the  body  equiUbrium/*  At  any  rate,  the  "  poison- 
ing **  effect  of  arsenic  on  platinum  is  very  marked  and  the  presence 
of  traces  of  this  substance  in  sulfur  and  other  sources  of  sulfur 
dioxide  was  the  chief  cause  of  the  long  interval  between  the  dis* 
covery  and  the  successful  practice  of  the  method.  (On  so  small  a 
factor  sometimes  hinges  success  or  failure.) 

Many  other  catalyzers,  such  as  ferric  oxide,  chromic  oxide, 
pumice  stone,  etc.,  may  be  used,  but  since  catalyzers  do  not  affect 
the  point  of  equihbrium,  but  only  liie  speed  at  which  it  is  estab- 
lished, a  catalyzer  must  effect  a  rapidity  of  action,  in  such  a  case 
as  this,  sufficiently  great  to  be  practical  at  a  temperature  where 
the  equilibrium  is  at  the  desired  point.  Ferric  oxide  works  suffi 
ciently  rapidly  at  625°,  but  at  this  temperature  the  reaction  is 
in  equilibrium  when 

2S0t  +  Os  ^  2SQt 

30%  70% 


^n  is 

H 


and  consequently  30%  of  the  dioxide  goe^  over  unchanged.  With 
platinized  asbestos,  on  the  other  hand,  at  400*^  its  point  of  equi- 
librium  with  twice  the  proportion  of  oxygen  needed  is 


2SO2  +  20*  ^  2S0i  +  Oi.^ 

1%  99% 


i 


This  advantage  of  the  use  of  platinized  asbestos  more  than  offsets 
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its  greater  coet.  The  heat  of  reaction  is  22,730  caL  and  more 
than  maintains  the  needed  temperature  of  the  apparatus. 

When  sulfur  trioxide  is  dissolved  in  water  sulfuric  acid  is 
formed  and,  since  the  raw  materials,  SOj  and  air,  must  be  care- 
fully purified,  the  acid 
80  produced  is  practi- 
cally pure.  All  the  c.  p. 
acid  now  on  the  market 
is  prepared  in  this  man- 
ner. An  outline  drawing 
illustrating  the  process 
is  presented  by  Fig.  64, 

2.  The  Chamber 
Process*  —  If  sulfur  di- 
oxide and  air  are  allowed 
to  come  into  contact  in 
the  presence  of  water 
and  of  nitric  acid  or  of 
oxides  of  nitrogen  sul- 
furic acid  18  produced. 
In  order  to  effect  this 
reaction  most  economically  all  factors  are  made  to  interact 
in  the  gaseous  condition.  The  liquid  is  in  relatively  small 
bulk  and,  consequently,  to  secure  a  large  output  very  large  lead 
chambers  are  employed,  sometimes  of  a  capacity  approximating 
200,000  cu.  ft. 

The  chemistry  of  the  reactions  which  take  place  in  these 
chambers  is  somewhat  uncertain,  but  is  usually  assumed  to  be 
as  foUows: 

4S0,  +  2H,0  +  4N0i  +  O,  ->  4S0/ 

The  compound  formed  is  known  as  nitrosyl  sulfuric  acid.  If 
the  amount  of  steam  used  io  the  reaction  is  limited  this  substance 
is  sublimed  on  the  walls  of  the  chambers.  With  water  nitrosyl 
sulfuric  acid  reacts  to  produce  sulfuric  acid  and  nitrous  anhydride 


Fro*  64. 


2HjS0«  +  N,0,. 


The  nitious  anhydride  with  oxygen  of  the  air  fonns  nitrogen 


peroxide,  NOj,  by  direct  action,  2NiQ>  +  Oi  — ►  4N0«  and  is  hence 
ready  to  react  again  with  water  and  sulfur  dioxide  and  oxygen* 
The  oxide  of  nitrogen  is,  then,  a  catalytic  agent  and  may  be  con- 
sidered to  operate  by  substituting  two  rapid  reactions  for  a 
slow  one,  i,e*,  the  two  above  given  for  the  oxidation  of  H^SOi 
by  air*     (See  p.  229.) 

Since  the  nitrogen  peroxide  may  be  used  again  and  again, 
the  process  is  cheapened  if  its  escape  is  prevented.    An  outline 
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Fio,  66. 

drawing  will  indicate  how  this  is  effected.  (See  Fig.  65.)  The 
incoming  gases  as  they  react  condense  and  settle  in  the  bottom  of 
the  chambers  so  far  as  the  sulfuric  acid  and*  water  are  concerned, 
but  the  inert  gases  sweep  the  oxides  of  nitrogen  eventually  through 
the  Gay-Lussac  tower,  which  is  filled  with  tiles,  or  other  refractory 
material,  over  which  concentrated  sulfuric  acid  trickles.     Here 


2H,SOt  +  NjO,-^2SO, 


/OH 
^NO, 


+  HA 


4 


which  dissolves  in  sulfuric  acid  and  is  pumped  to  the  top  of  the 
Glover  tower,  where  it  is  allowed  to  trickle  down  a  similar  tile 
structure,  while  being  diluted  with  water*  The  reaction  in  the 
Gay-Lussac  tower  is  thus  reversed  and  since  the  stream  of  sulfur 
dioxide  from  the  burners  enters  through  this  tower  the  oxides  of 
nitrogen  are  mechanically  swept  into  the  chamber  io  repeat  their 
chemical  gymnastics.     In  the  meantime  the  hot  gases  reconcentrate 
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the  acid  so  that  by  the  time  it  reach^  the  bottom  it  is  again  ready 
to  be  pumped  to  the  top  of  the  Gay-Lussac  tower. 

The   process   is   worthy   of   more   detailed   study,   not   only 
because    of    its    importance,   but  because  its  study  reveals  the 
minutiae  necessarily  involved  in  the  practical,  economical  opera- 
tion of  a  chemical  industry.     (See  Thorpe's  Industrial  Chemistry,) 
The  acid  which  collects  at  the  bottom  of  the  chambers  must  be 
kept  at  a  concentration  of  not  more  than  70%  by  excess  steam 
eke  the  walls  of  the  chambers  would  be  attacked.     It  is  also  very 
impure  by  reason  of  the  materials  which  accompany  the  ingress 
of  the  air,  water,  sulfur  dioxide,   and  oxides  of  nitrogen.    The      _ 
exeesfl  water  is  driven  off  by  evaporation  in  cast  iron  pans,  but      ■ 
the  impuritiee  may  only  be  separated  by  distillation.     For  many 
purposes  this  impure  acid  is  wholly  suitable  and  large  quantities 
are  so  used.     Before  the  success  of  the  contact  process,  the  pure      I 
acid  was  prepared  by  distillation  in  retorts  made  of  gold  lined      ■ 
platinum,  which,  of  course,  is  expensive,  and  the  high  temperature 
required  added  to  the  expense, 

3*  Ottier  Methods*  —  Sulfur  trioxide  may  be  made  by  distillation 
of  anhydrous  sulfates  as  has  already  been  indicated,  and  the  acid, 
more  or  less  dilute,  by  distiilation  of  the  hydrated  sulfates  (g.v.). 
Hie  trioxide  may  be  obtained  from  the  acid  by  distillation  with 
a  non-volatile  acid  oxide,  capable  of  forming  a  more  stable  acid. 
The  only  available  one  is  phosphorus  pentoxide,  the  reaction  being 
as  indicated:  PiOi  +  HiSOi  ->  2KPCh  +  SQj.  Also  the  acid  may 
be  prepared  by  distillation  of  the  salts  with  a  less  volatile  acid, 
as  Na^4  +  2HPQ>  -^  2NaP0i  +  HjSO*.  A  consideration  of  the 
paragraph  on  p.  198  indicates  that  sulfuric  acid  might  also  be 
prepared  by  treatment  of  a  soluble  sulfate  with  any  acid  with 
which  the  metal  will  form  an  insoluble  salt.  This  method  is 
frequently  employed,  rather  unconsciously,  in  the  precipitations 
involved  in  quantitative  and  quahtative  analysis,  e.^«, 

AftS04  +  2HC1  -♦  2AgCI  +  H,SO«. 

thy^cal  Properties  of  Sulfur  Trioxide*  —  Sulfur  trioride 
odsts  in  two  allotropic  modifications,  one  known  as  a  sulfur  tri- 
oodde,  has  a  boihng  point  of  46.2''  and,  if  cooled  to  16"*,  it  crystal-  M 
Siee  in  long  needles,  melting  at  14.8°.  Its  vapor  has  a  density  " 
of  2.76,  which  corresponds  to  a  molecular  weight  of  80  expressed 
by  the  formula  SO^.     If  it  be  kept  at  lb""  for  some  time  it  passes 
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over  into  an  aabestos-like  mass,  melting  at  25**.  At  higher  tem- 
peratures this  so-called  p  variety  goes  over  to  the  a  form*  Its 
molecular  weight  in  solution  io  phosphorus  oxychloride  is  approxi* 
mately  160,  so  that  the  two  forms  are  probably  expressed  by  the 
formiUas  SO3  and  SjOd*  ^ 

Cheniicai  Properties,  —  The  oxide  dissociates  rather  readily 
into  sulfur  dioxide  and  oxygen  at  elevate  temperatures,  the 
dissociation  being  practically  complete  at  1000°.  Sulfur  triox- 
ide  unites  with  many  metallic  oxides  dJi'ectly  to  form  sulfates, 
e.g.,  NaiO  +  SQs  — ^  Na«S04.  (See  Berzelius*  dualistic  hypothesis.) 
With  water  it  reacts  with  the  evolution  of  much  heat  to  form 
sulfuric  acid:  m 

SO3  +  H2O  -♦  HjSOi  +  40,000  cal.  f 

As  is  to  be  expected  from  its  decomposition  by  heat,  sulfur 
trioxide  is  a  ready  oxidizing  agent,  but  is  seldom  used  for  the 
purpose.  Its  chief  characteristic  is  its  avidity  for  water,  which 
it  is  able  to  abstract  from  such  substances  as  starch,  sugar,  wood- 
fiber,  etc.  This  ready  union  with  water  is  also  the  occasion  for 
the  fumes  which  are  formed  when  it  is  exposed  to  the  air  or  formed 
through  decomposition  by  heat  of  sulfuric  acid  or  sulfates.     (C/. 

p.  125.)     We  may  formulate  graphically  the  oxide  as  S-0  and 

without  doing  violence  to  any  facts  assume  that  the  union  with 
water  takes  place  as  indicated: 


with 

i 


If  this  be  the  correct  formulation,  we  may  then  regard  the  sulfate 
in  both  oxide  and  acid  as  hexavalent. 


Physical  Properties  of  Suifuric  Acid,  —  Sulfuric  acid  is  an 
oily  liquid, "  oil  of  vitriol,"  with  a  specific  gravity  of  1.85.  It  melts 
at  10^.  The  pure  acid  boils  at  270**  with  partial  decomposition 
until  a  concentration  of  98  per  cent  is  reached,  i.e.,  the  SOs  escapes, 
while  the  water  remains  behind.  The  solution  distills  over  un- 
changed at  317'^,  This  is  the  liquid  commonly  known  as  concen- 
trated sulfuric  acid  with  a  specific  gravity  of  L84. 


Qtermcal  Properties  of  Sulfuric  Acid*  —  The  acid  is  rather 
Jy  decomposed  by  heat  into  water  and  sulfur  trioxide  and  this 
'  dinoeiatioQ  is  practically  complete  at  450^  It  is  perhaps  desirable 
to  describe  the  chemical  behavior  of  the  acid  under  thre^  heads,  its 
action  as  a  dehydrating  agent,  as  an  oxidizing  agent  and  as  an  acid* 
L  Concentrated  sulfuric  acid  when  mixed  with  water  evolves 
beat  and  the  volume  of  the  resulting  mixture  is  less  than  the  sura 
of  the  constituents.  (See  lecture  experiments.)  The^e  indications 
of  chemical  change  may  perhaps  be  accounted  for  on  the  assumption 
of  a  union  with  the  water,  analogous  with  that  which  takes  place 
in  the  formation  of  sulfuric  acid  itself.    Thus 
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HO^l'^OH 

or    HiSOft, 


or    S(OH)«. 
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Thifl  would  account  for  three  acids,  HtSOi,  HiSO&,  HeSOo.  A 
fourth  is  discussed  under  the  term  pyrosulfuric  acid.  The  partial 
substantiation  of  this  view  we  have  in  the  fact  that  when  concen- 
trated solutions  of  sulfuric  acid  are  strongly  cooled,  there  is  for- 
mation of  crystals  having  the  composition  represented  by  the  for- 
mula H4SO&,  which  melt  at  8°.  Unfortunately  the  corresponding 
hydrate  with  two  molecules  of  water  has  not  been  definitely  isolated. 
Moreover,  the  evohition  of  heat  with  addition  of  water  continues 
even  after  water  to  the  proportion  of  2H2O  •  H2SO4  has  been  added* 
The  maximum  heat  of  dilution,  i.e.,  when  one  gram  molecule  of 
acid  is  added  to  an  indefinitely  large  volume  of  water  (infinite 
dilution)  is  approximately  19,400  caL  It  is  at  present  impossible 
to  say  how  much  of  this  heat  of  solution  is  due  to  the  formation 
of  hydrates  (see  below)  and  how  much  to  ionization  of  the  acid  and 
to  the  process  of  "  solution  "  as  the  term  is  ordinarily  used.  In 
any  case,  the  application  of  the  phase  rule  (q.v.)  indicate  the  ex- 
istence of  a  hydrate,  H2S04*4H2O»  melting  at  —25**,  and  furnishes 
some  evidence  for  the  existence  of  the  normal  acid  S{OH)«,  or 
H»S04  •  2HiO»  which  is  supposed  to  exist  and  to  melt  at  —70°. 
(See  Chap.  XIIL) 

Three  practical  results  follow  from  this  behavior  of  sulfuric  acid 
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with  water.  The  heat  of  diltitioD  is  bo  great  that  breakage  of  glaflfl 
vessels  and  spattering,  with  unpleasant  consequences,  are  likely  to 
occur  if  the  two  are  carelessly  mixed.  The  mixing  should  always 
be  effected  by  pouring  the  acid  into  water,  so  that  it  may  imme- 
diately sink  beneath  the  surface;  the  water  should  also  be  stirred 
to  distribute  the  heat  and  prevent  cracking  of  the  vessel,  if  of  glass. 
A  second  consequence  is  that,  since  the  vapor  tension  of  strong  acid 
solutions  is  very  low,  water  vapor  present  in  air  or  other  gases  is 
readily  absorbed  and  hence  the  acid  is  frequently  used  for  drying 
purpose-s,  both  by  passage  of  the  materials  to  be  dried  through  it, 
or  by  allowing  them  to  stand  in  closed  vessels  in  the  presence  of  it. 
In  this  latter  case,  of  course,  the  vapor  in  the  vessels  is  replaced 
by  the  substance  being  dried  as  rapidly  as  it  is  absorbed  by  the  acid 
so  long  as  the  vapor  tension  of  the  substance  is  greater  than  that 
of  the  acid  solution.  A  third  consequence  is  that  sulfuric  acid  is 
frequently  used  to  absorb  the  water,  or  elements  to  form  water,  in 
reactions  where  such  action  is  desirable.  For  examplCi  if  alcohol 
is  treated  with  sulfuric  acid  and  heated  the  effect  is  the  withdrawal 
of  water  and,  according  to  the  temperature  employed,  ether,  C4H10O, 
or  ethylene,  CiHi,  are  produced: 

2CtH60H  ^  H,0  +  CCjHi)tO, 
CiHsOH  -^  HjO  +  CtH4. 

Again  in  reversible  reactions  where  water  is  one  of  the  products, 
its  effect  is  nullified  by  union  with  the  acid.  This  is  illustrated  by 
its  use  in  the  preparation  of  nitroglycerine:  1 

CiHsCOH),  +  3HN0|  1^  CaH&(NO,)i  +  SH,0.  1 

If  concentrated  sulfuric  acid  is  present  the  withdrawal  of  the  water  by 
it  allows  the  process  to  go  to  practical  completion  in  the  direction  — ►. 
2.  Sulfuric  acid,  like  its  anhydride,  is  a  powerful  oxidizing  agent. 
This  has  already  been  illustrated  by  its  behavior  in  the  preparation 
of  sulfurous  acid  and  its  anhydride.  Most  of  the  reactions  in  which 
the  concentrated  acid  is  used  are  in  fact  of  this  type.  Practically 
all  metals,  except  gold,  platinum,  iridium  and  rhodium,  and  most 
non-metals  are  so  oxidized.  This  action  may  be  again  mentioned 
in  connection  with  zinc.  The  oxides  of  the  metals  first  produced 
are  usually  dissolved,  due  to  the  acid  character  of  the  substance. 
Thus: 
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Some  confusion,  of  course,  arises  from  the  fact  that  hot  sulfurxc 
acid  18  readily  reduced  by  hydrogen  >  so  that  in  the  case  of  the  metals 
aix»ve  hydrogen  in  the  elect romotive  series  {q.v,}  it  may  be  that  hy- 
drogen is  first  produced.  There  would  seem  to  be  little  reason  for 
lisuming  this  to  be  true,  as  do  some  authors,  at  least  in  the  case  of 
copper,  arsenic,  etc.,  which  with  other  acids  and  with  dilute  sul- 
furic acid  fail  to  liberate  hydrogen.  Indeed,  the  ionization  of 
concentrated  sulfuric  acid  is  so  slight  that  its  oxidizing  effect  is  that 
whicfa  ought  to  be  expected. 

3.  When  sulfuric  acid  is  diluted  with  water  it  shows  a  chemical 
behavior  typical  of  acids  and  indeed  of  a  character  intermediate 
between  the  very  active  acids,  nitric,  hydrochloric  and  permanganic, 
and  the  weaker  acids,  such  as  acetic.  In  this  relation  it  behaves 
as  a  dibasic  acid  and  furnishes  two  series  of  salts,  the  acid  and 
neutral  salts.  The  acid  salts  are  more  readily  formed  the  stronger 
the  acid,  and  this,  as  well  as  the  degree  of  ionization,  and  the  be- 
havior during  electrolysis  (see  persulfuric  acid)  indicates  that  ioni- 
sation  takes  place  in  two  steps: 

HtSOi  ^  H^  +  HSOi'  ;^  H**  +  SO/'- 

Indeed,  the  evidence  seems  to  show  that  the  second  step  takes 
place  appreciably  only  after  the  first  has  reached  a  degree  of  dis- 
Hieiation  equal  to  50  per  cent,  which  in  the  case  of  sulfuric  acid  is 
about  a  normal  solution,  as  indicated  on  p.  175.  Sulfuric  acid  sola* 
tioos  stronger  than  normal  are,  therefore,  to  be  regarded  as  essen* 
tiaDy  monobasic. 

The  extensive  use  of  the  acid  as  an  acid  is  partially  due  to  its 
comparatively  large  ionization  at  moderate  dilutions,  but  more  to 
its  non-volatility,  which  enables  the  chemist  not  only  to  liberate 
Other  acids  from  their  salts  by  its  use,  but  to  drive  the  reactions  to 
completion  by  volatilizing  them.  This  has  already  been  abun- 
dandy  illustrated.  (C/.  p.  148.)  The  value  of  the  acid  for  such 
operations  is  somewhat  decreased  by  its  oxidizing  power,  illustrated 
bt  the  cases  of  hydrobromic  and  hydriodic  acids  (g.t?.). 

VBeM.  —  The  uses  of  sulfuric  acid  are  not  only  numerous,  but  in 
many  cases  are  on  an  enormous  scale;  as  in  the  preparation  of 
oiher  acids  from  their  salts,  in  the  manufacture  of  phosphate  fer- 
tiliieni  (g.t.),  in  the  manufacture  of  guncotton  and  nitroglycerine, 
lodtum  sulfate  for  soda  and  glass  manufacture,  in  purification  of 
petroleum,  and  other  oils,  in  the  manufacture  of  dyes^  in  many 
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electrolytic  processes,  as  copper  refining,  etc.     One  of  the 

interesting  cases  is  the  use  of  sulfuric  acid  in  the  manufacture  of 
storage  batteries,  which  are  extensively  used  by  electric  hghting 
and  other  companies  to  carry  their  '*  peak  load,'*     Another  specially 
interesting  application  on  a  large  scale  is  as  a  cleansing  agent  for  I 
sheet  iron  before  dipping,  in  the  manufacture  of  tin  plate.     Mbor, 
though  still  extensive,  uses  are  in  the  separation  of  silver  from  gold  ! 
in  refining  the  latter,  in  the  preparation  of  hydrogen  and  thej 
manufacture  of  sulfates  which  have  commercial  application,  etc. 
Its  uses  in  small  quantities  in  chemical  and  other  operations  are  j 
entirely  too  numerous  to  mention. 

Sulfates,  —  The  sulfates   which   are  of   importance   are   very 

numerous  and  will  be  discussed  separately  with  the  metals  which 
are  a  part  of  each.  Many  are  minerals  found  in  large  quantities; 
others  are  manufactured,  some  on  a  very  large  scale. 

Other  Atids  and   Oxides  of  Sulfur.    Pyrosulfuric    acid, — 

When  sulfur  trioxide  is  passed  into  concentrated  sulfuric  acid  it 
dissolves,  forming  a  liquid  which  fumes  continuously  on  exposure  to 
the  air.  This  was  the  Nordhausen  acid  previously  mentioned  as 
made  by  dijstiUation  of  sulfates.  Its  sodium  salt  may  also  be  made 
by  heating  sodium  acid  sulfate,  hence  the  name  pyro  (from  wvp 
^  fire),  which  is  prefixed  to  the  name  of  many  substances  obtained 
similarly, 

2NaHS0i  -*  NaaSsO;  +  HsO, 

If  the  quantity  of  sulfur  trioxide  exceeds  40  per  cent  the  mass  is 
BoUd  at  ordinary  temperature  and  is  sold  under  the  name  solid 
sulfuric  acid.  If  the  acid  is  dissolved  in  water  ordinary  sulfuric 
acid  is,  of  course,  produced.  It  may  be  regarded,  then,  as  a  hydrate 
of  sulfur  trioxide  2S03'H20  and  perhaps  has  the  graphic  formula: 


I 


HyposuUurous  Acid.  —  If  zinc,  or  other  metals,  be  treated  with 
Bulfurous  acid,  they  slowly  dissolve,  but  no  hydrogen  is  evolved, 
and  the  solution  contains  the  salt  of  an  acid  which  has  the  em- 
pirical formula  HSOj. 
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The  salts  may  also  be  obtained  in  other  ways;  as^  for  example,  by 
treatiDg  zinc  with  a  solution  of  sulfur  dioxide  in  absolute  alcohol. 
The  acid  may  be  liberated  by  treatiDg  the  salt  with  an  acid  capable 
of  fonning  an  insoluble  salt  with  the  metals  as,  for  examplei  with 
diromic  acid. 

ZdCSO,),  +  HjCrO*  -►  2HS0t  +  ZnCr(>4. 

The  acid  is  known  only  in  aqueous  solution  and  its  composition  is 
inferred  from  the  depression  of  the  freezing  point  produced  by  the 
godium  salt.     It  is  probably  H2S3O4  and  the  graphic  formula  is 


HO 
O^ 


\ 


S-8 


^ 


0 
OH 


The  sodium  salt  of  the  acid  is  extensively  used  in  the  dyeing  in- 
da»tr>%  since  it  is  an  exceptionally  powerful  reducing  agent.  Could 
it  be  dehydrat-ed,  the  acid  would  give  as  its  anhydride,  sulfur  **  sea- 
quioxide."  * 

HtSiO*  -^  HfO  +  8,0^. 

The  oxide  may  not  be  obtained  in  this  manner,  but  is  supposed 
to  be  obtained  when  sulfur  is  dissolved  in  Nordhausen  acid  or 
when  sulfur  and  sulfur  trioxide  are  brought  into  direct  contact. 
It  makes  a  green  crj^stalhne  mass  as  a  solid,  and  a  blue  solution 
in  sulfuric  acid.  (These  colors  are  extraordinary  if  the  substance 
is  as  supposed.)  ^ 

Persulfuric  Acid.  ^  If  a  50%  solution  of  sulfuric  acid,  kept  at 
wero  by  a  cooling  bath,  is  electrolyzed  with  not  too  strong  a  cur- 
rent, oxygen  is  liberated  at  the  anode  in  very  small  quantity  and 
the  solution  around  the  anode  is  materially  changed  in  character. 
The  reaction  which  t4ikes  place  may  be  indicated : 

2H^  +  2HSO4' «*  H,  +  H,S,Os. 

Thifl  latter  acid  is  known  as  persulfuric  acid  and  its  potassium 
or  ammonium  salt  is  readily  obtained,  by  electrolysis  of  concen- 
trated solutions  of  the  corresponding  acid  sulfates,  in  crystalline 
oasses  about  the  anode.  These  salts  are  coming  into  use  rather 
ixtensively  at  present,  since  they  are  powerful  oxidising  agents* 
They  were  first  prepared  in  1891  by  Marshall.     The  free  acid  is 

•  The  tema  **  aeaqui  "  is  a  relic  from  an  older  notnendiiture  and  refen  to  the 
fict  thftt  the  reiatioQ  of  the  elements  in  atomic  proportiooE  is  I  :  1).    We  fliiU 
'  tbe  term  occaaiotially. 
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quite  unstable.     If  its 
of  water  it  should  be 

HiS,Os  -^  HsO  +  SaOi. 

Thia  substance  may  be  obtained,  by  sparking  a  mixture  of  eulfur 
dioxide  and  oxygen,  in  the  form  of  oily  drops,  which  form  at  0^  a 
white  solid,     In  solution  in  water  it  forms  the  persulfuric  acid. 

If  hydrogen  peroxide  be  added  to  sulfuric  acid  an  acid  which 
has  the  composition  represented  by  HaSOj  is  obtained,  known  as^ 
Caro's  acid,  from  its  discoverer  (1898)» 

Both  these  acids  have  properties  relating  them  to  hydrogen  1 
peroxide  and  for  reasons  which  are  perhaps  not  essential  at 
point  are  assigned  graphic  formulas  as  follows: 

Os 


o 

I 

0 

pei»ulf\irie  acid 


and 


0^ 


/0-OH 


Cmo'i  acid  or  monopenmlftiric  acid 


Thiosulfuric  Acid  and  the  Polytliionatcs,  —  When  we  con- 
sider that  sulfur  is  the  second  member  of  the  oxygen  group,  it  is 
not  surprising  to  find  that  in  certain  cases  sulfur  may  be  made 
to  perform  a  function  similar  to  that  of  oxj'^gen*  If  sodium  sulfite 
in  solution,  NaiSOi,  is  exposed  to  the  air,  it  gradually  absorbs 
oxygen^  forming  the  sulfate  M 

2Na,S0a  +  Oa  ^  2NatS04.  ' 

In  a  similar  manner,  if  it  be  allowed  to  stand  with  flowers  of  sul- 
fur, the  same  sort  of  reaction  takes  place  (hastened  by  gentle 
warming;  sometimes  called  "digestion"),  ^ 

Na,SO»  +  S  -^  NaStOi,  ' 

The  name  ihiosulfuric  m  derived  from  the  Greek  word  $dmy  »  sulfur,  and  ^ 
is  eoDfiidered  more  euphomoua  than  would  be  sulfo-aulfuric,  ■ 

The  salts  of  this  acid  are  also  capable  of  being  prepared  in 
many  other  ways.  One  of  the  salts  has  found  extensive  use  in 
photography  as  a  solvent  of  silver  chloride  and  other  silver  salts, 


SULFUR  AND  ITS  COMPOUNDS 


243 


from  photographic  plates  and  hence  is  a  familiar  substance.  This 
10  the  hydrate  Na^Oa'SHjO  and  is  known  as  ^*  hypo,"  since  it 
was  at  first  supposed  to  be  a  salt  of  hyposulfurous  acid.  The 
free  acid  may  not  be  prepared,  since  it  breaks  down  at  once  into 
irateTf  sulfur  dioxide  and  free  sulfur: 

Na,S,0,  +  2HC1  -^  2NaCl  +  H,0  +  SO,  +  S. 

The  reaction  so  useful  to  the  photographer  may  be  expressed: 

AgCI  +  NajSaOs  -^  AgNaSjO,  +  NaCl. 

Both  salts  being  soluble,  unchanged  silver  salts  may  be  dissolved 
out  of  the  developed  plates*  (See  photography,)  Thiosulfate 
abo  finds  application  in  bleaching  operations  as  an  '^  antichlor  '* 
and  as  a  reducing  agent.  In  laboratories  it  finds  its  most  ex- 
tensive use  because  of  its  behavior  with  iodine  solutions,  which 
are  decolorised  by  it,  according  to  the  following  reaction: 

2NaiSaOa  +  I,  -^  2NaI  +  NatSiOi. 

The  latter  salt  is  known  as  sodium  tetrathionate  and  is  a  rep- 
resentative of  a  series  of  compounds  containing  sulfur  and  closely 
related  to  sulfuric  acid.  We  will  content  ourselves  here  with 
giving  their  formulae  and  names,  and  the  student  is  referred  to 
laiger  works  for  details, 

Dithionic  acid,  HsStOs* 

Trithionic  acid,  HiSaOg^ 

Tetrathionic  acid,  H1S4O1. 

Pentathionic  acid,  HjSsOi, 

Hexathionic  acid,  HySaOft. 

The  possibility  of  the  existence  of  these  acids  is  presumed  to 
be  due  to  the  facility  with  which  '*  chains  **  of  sulfur  atoms  form 
by  union  with  each  other  in  a  manner  similar  to  that  which  we 
fthail  encounter  in  a  consideration  of  carbon  compounds. 

OffiMtUution  of  Sulfur  Compounds.  —  In  order  to  show  more 

rly  the  relationship  between  the  constituents  of  a  compound  than 

pofigible  by  even   molecular  formulse  the  method  of  expression 

variously  known  as  constitutional,  structural  or  graphic   formulee 

hi0  been  devised*     We  have  already  encountered  this  in  the  chap- 


I. 


ter  on  the  oxygen  cooipounda  of  the  halogens  and  fitid  it  especially 
advantageous  here.  It  needs  to  l>e  emphasized,  however,  that  when 
we  propose  a  graphic  formula  it  is  simply  to  indicate  some  relation- 
ship of  the  elements  which  is  shown  by  the  behavior  of  the  com- 
pounds and  is  strictly  a  ''  graph  **  and  does  not  indicate  any  space 
relation  and,  though  perhaps  needless  to  say,  does  not  indicate  in 
any  way  how  the  elements  in  a  couipound  are  held  together.     Thus 

^     when  we  say  that  the  oxides  of  sulfiu"  have  the  following  struc- 

^ft    tural  formulae : 

^^  all  we  mean  to  convey  is  that  in  L  the  sulfur  is  tetravalent  and 

[  that  w^hatever  the  character  of  union  between  oxygen  and  sulfur 
may  be,  both  atoms  bear  the  same  relation,  and  that  so  far  as  w*e 
know  the  molecular  weight  is  as  indicated.  In  II  the  valency  of 
the  sulfur  is  six.  It  will  be  noted  that  structural  fonnulte  are 
largely  Imaginary.  We  shall  find  them  highly  useful,  provided 
they  are  ''  bounded  by  coherent  reason,"  and  not  used  without 
close  restriction. 

To  the  acids  have  been  assigned  the  following  structures,  somaj 
of  which  have  already  been  given: 


^0 

^0 
II.        8  =  0 

^0 

Bulf  ur  dioidde 

sulfur  trioxide 

^ 
O^ 


'^ — O -81 


Thioaulfuric 


HO^    ^O 


Perotilfuric 


^  O.OH 

M  oaopc'rsulf  uric 
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There  are  also  the  hydratea  of  sol f uric  add: 


SuUaric 
I 


OH 
OH 


NNOH 
^OH 

Munohydrate 
II 


^OH 
ZOH 

g-^OH 

OH 

Dihydrate  or  normal  acid 
III 


We  will  content  ourselves  here  by  giviiiK  a  portion  of  the  reasons 
for  the  assimiption  of  the  formulse  of  the  last  three  mentioned.  If 
sulftiric  anhydride  haa  the  structure  indicated,  then  the  simplest 
reaction  between  it  and  water,  H-^OH,  would  be  expreaaed  by 
formula  L  This  would  mean  that  two  of  the  four  oxygen  atoms 
would  be  different  from  the  others.  That  such  is  the  case  is 
shown  by  the  fact  that  if  phosphorus  pentachloride  is  added  to 
sulfuric  acid,  the  reaction  indicated  takes  place,  SOa(OH)x  +  PCU 
-•P(0H),CU  +  S02Ck 

AgaiUt  the  compound  sulfur  hexafluoride  can  be  made  and  by 
hydrolysis  can  give  sulfuric  acid.  The  most  reasonable  course  for 
Ihia  reaction  is 

SF,  +  6H0H  ^  6HF  +  S(OH)«. 

The  normal  acid  solution  is  unstable  and  breaks  down  into 
S(OH)e  ->  S0t(OH)i  +  2HsO. 

All  oxygen  acids,  hke  sulfuric  acid,  contain  the  so-called  hydroxyl 
group  and  the  e^ssential  difference  between  bases  and  oxygen  acids 
js  that  while  both  invariably  possess  the  hydroxyl  (OH)  group, 
faiflei  ieparate  it  as  an  ion  in  water  solution,  while  acids  split  off 
the  hydrogen  (H)  ion.  Why  this  difference,  is  an  unsolved  prob- 
\tm,  but  it  appears  certain  that  we  have  compounds  capable  of 
doing  both  things  at  the  same  time.  (See  amphoteric  compounds.) 
That  the  fonnulae  II  and  HI,  above,  exist  in  aqueous  solution 
•eeais  reasonable  in  spite  of  the  fact  that  definite  neutral  salts  are 
ired,  since  poly  basic  acids  ionize  in  steps  and  the  third  and 
>n&,  and  especially  the  fifth  and  sixth,  are  formed  only 
with  great  difficulty,  as  would  be  expected  from  the  principle  of 
um^^  action.     (See  also  phosphoric  acids.) 

In  a  flimilar  manner  the  sulfides  and  polysulfides  may  be  aa- 
signed  the  following  formula: 


t 


Hydrogen 
persulfide 


Hydrogen 
trisuMde 


Hydrogen 
tetrasullide 


Hydrogen 

peatamilfide 


the  last  three  being  certainly  known  only  aa  salts 


Seleniufn  and  Tellurium  and  their  Cofupounds.  —  These 
two  elements  are  not  widely  distributed  nor  of  large  occurrence  in 
nature.  The  selenium  compounds  are  usually  associated  with  sul- 
fur  ores  and  selenium  is  sometimes  found  in  crystalline  form  asso- 
ciated with  free  sulfur.  Tellurium  is  quite  rare  and  is  usually 
found  associated  with  sulfides  containing  lead,  bismuth,  silver  and 
gold.  Gold  telluride  is  found  in  some  quantity  in  Colorado,  hence 
the  name  of  the  mining  town  Telluride. 

Tdlurium  was  first  discovered  by  Miiller  Von  Reichenstein  in 
1783  and  named  by  Klaproth  in  1 788  because  of  the  earthy  character 
of  the  ores  from  which  it  was  obtained  (from  kllus  —  the  earth). 
When,  in  1317»  Berzelius  isolated  from  the  flue  dust  of  the  pyrites 
burners  an  element  of  similar  properties  he  named  it  selenium 
(from  selene  =  the  moon).  (The  imagery  is  more  complete  if 
we  recall  that  sulfur  is  the  element  characteristic  of  Dante's  Hell.) 
The  elements  are  both  solid,  but  selenium  volatihzes  readily  and 
burns  with  a  blue  flame.  Tellurium  burns,  but  with  more  diffi- 
culty* Both  elements  appear  to  exist  in  several  allotropic  forms. 
In  the  ordinary  form  selenium  is  a  reddish  brown  powder  and  tel- 
lurium a  gray  metal-like  substance. 

Neither  element  is  produced  in  large  quantities,  partly  by  reason 
of  the  scarcity  and  partly  because  they  and  their  compounds  in 
general  perform  the  same  functions^  though  less  rapidly,  as  sulfur. 
Selenium  is  peculiarly  affected  by  light  with  respect  to  electrical 
conductivity  and  is,  therefore,  used  in  a  number  of  interesting 
electrical  devices.  It  is  also  used  to  some  extent  in  producing 
particular  tints  in  glass  and  enamels  and  to  decolorize  ordinary 
glass.  (See  glass.)  Tellurium  is  produced  in  considerable  quan- 
tities as  a  by-product  in  the  refining  of  copper,  but  has  almost  no 
practical  uses  as  yet.  It  is  said  to  be  effective  as  an  aid  to  isolation 
of  nervous  patients  since  the  organic  compounds  produced  by  its 
internal  administration  are  of  such  intensely  unpleasant  odor  aa 
to  make  both  patient  and  friends  acquiesce  in  the  arrangement. 
No  attempt  will  here  be  made  to  detail  the  properties  of  the  com- 
pounds and  their  methods  of  preparation,  but  the  following  table 
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viU  reveal  the  relations  and  the  student  is  referrred  to  larger  books 
for  further  details. 

T&a  Sulfur  Suli-potip 


Alomic  weight 

•ul&r  formtila. . , . . . 

;  point 

J  point. 

^eific  grairity 

Color 

Formula  of  hydrogen  compound . , 

Boiling  point  of  hydrogen  com- 
pound  ....... 

Specific  gravity  of  hydrogen  com- 
pound (liquid) 

IhMOciation  temperature  of  hy< 
drogen  compound 

Formula  of  lower  oxide 

State  of  lower  oxide  at  room  tem- 
perature  

Formula  of  higher  oxide 

Formula  of  **  ic  "  acid 


Sttlfuf* 


32.06 

114-nr 

448  6' 

1.95-2.06 

Yellow  I 
HtS 

-62"* 

1,17 

400^ 
SOj 

Gas 

SO, 

HiSO, 


SelsDiam, 


79.2 

Sei-Set 

170-217'* 

688' 

A.2SrAm 

Reddish  brown 

to  black 

HiSe 

-42' 

2.87 

150^ 
SeOt 

Solid 
(SeO,) 
HjSeO* 


T«lilu.riaxD. 


127.6 

Te, 

454* 

1390* 

6.93-0.4 

Metallic  to 

black 

HiTc 


4.48 


Solid 

TeOt 

HiTeOt 

(HiTeOi) 


This  series  of  elements  furnishes  a  very  striking  and  com- 
prebensive  ^*  family  group/*  and  it  is  weU  worth  study  not  only 
because  of  the  similarities  to  be  expected  in  the  light  of  the  periodic 
law,  but  because  the  variations  are  al&o  interesting.  An  elementary 
teict-book  is  not  the  place  for  such  a  study,  however. 

ExercUes.  —  h  Why  is  the   sulfur  obtained  from   Lomsiaim 
purer  than  that  mined  in  Sicily? 
^^     2.  What  substances  other  than  sulfur  sublime  when  heated? 
^P     3.   When  molten  sulfur  is  cooled  its  freezing  point  varies  from 
llIK*  to  114^  according  to  the  temperature  to  which  it  haa  been 
heated  and  the  rate  of  cooling.     Why? 

i.  A  given  weight  of  sulfur  occupies  100  cc.  at  0°  C.  Its  spe* 
ei&s  gravity  is  2.04.  What  volume  will  it  occupy  at  the  same  tem- 
perature if  completely  converted  to  the  monoclinic  variety? 

5.  A  measurement  of  the  specific  gravity  of  sulfur  vapor  gives 
the  value  6.6.  On  the  assumption  that  it  is  a  mixture  of  Sg  and  St, 
eaiculate  the  percentage  amounts  of  each. 

6.  100  grams  of  silver  when  heated  with  sulfur  give  114.85 
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grama  of  silver  sulfide.     Calculate  the  exact  atomic  weight  of  su 
fur  from  these  values. 

7.  What  effect  would  an  increase  of  temperature  have  on  th^ 
rate  of  union  of  hydrogen  and  Bulfur?  The  dissociation  of  hy-^ 
drogen  sulfide  by  heat  begins  to  be  appreciable  at  310°  C,  WTiat 
effect  is  produced  on  the  equilibrium  point  by  heating  to  500°  C 
How  is  the  time  required  to  reach  equihbrium  affected? 

8.  How  is  silver  affected  by  hydrogen  sulfide?    Why  is  thilj 
evidence  of  the  presence  of  free  sulfur  and  how  is  the  condition 
the  gas  affected  by  the  union  of  sulfur  with  silver?     Why  not  as-' 
cribe  the  action  to  the  acid  character  of  hydrogen  sulfide? 

9.  How  would  you  undertjiike  to  demonstrate  that  sulfur  dioxide 
has  the  fonnula  SOa  rather  than  S2O4? 

10.  If  at  700°  sulfur  trioxide  is  deconi posed  to  the  extent  of 
40  per  cent,  what  is  the  specific  gravity  of  the  mixture? 

11.  Sulfur  dioxide  and  chlorine,  if  brought  in  contact,  unite  to 
form  a  chloride;  what  is  its  composition  and  what  is  its  reaction 
with  water? 

12.  On  p.  227  it  is  stated  that  at  1200''  sulfur  dioxide  is  partially 
converted  to  sulfur  trioxide^  and  on  p.  232  that  sulfur  trioxide  is 
completely  decomposed  at  1000°.  Can  both  the  statements  be 
true?  How  would  you  undertake  to  determine  if  a  mixture  of 
the  gases  exists  at  a  given  temperature? 

13.  If  sulfur  dioxide  and  oxygen  are  heated  together  in  a  closed 
tube  at  400°,  what  is  the  condition  when  equilibrimii  is  attained? 
Why  is  platinum  used  in  the  contact  process? 

14.  If  nitrogen  peroxide  is  assumed  to  be  added  directly  to  the 
chambers  in  the  sulfuric  acid  factories  and  is  produced  by  the  fol- 
lowing reactions:  2KN0a  +  H2SO4~>2HN0j+KtSO4  and  2HN0i 
— >  H|0  +  2N0t  +  O,  how  many  times  does  it  react  with  sulfur 
dioxide,  before  final  loss,  if  4  kilograms  of  nitrate  are  used  for 
every  100  kilograms  of  sulfur? 

15.  Make  a  list  of  all  chemical  reactions  which  you  have  pe 
formed  in  the  laboratory  in  which  sulfuric  acid  is  used  and  classif; 
them  as  oxidizing,  dehydrating  or  acid  activities  of  sulfuric  acid- 

16.  Review  all  the  reactions  discussed  in  this  chapter  and  give 
the  volume  relations  of  all  gases  involved. 


a 


In  the  preceding  diecussions  we  have  been  somewhat  hampered 
in  ettoria  for  clear  presentation  by  lack  of  certain  ideas  which  were 
presented  by  Willard  Gibbs  (of^  Yale)  in  1876-78.  These  ideas 
are  foiroulated  under  the  term  **  The  Phase  Rule/'  which  is  a 
^»ecial  fonn  of  the  general  principle  of  equihbrium*  Before  stating 
the  law  or  rule  it  is  essential  that  certain  terms  used  be  specifically 
defined.  These  are  system,  phase,  degrees  of  freedom  and  compo- 
oeots. 

A  system  is  any  substance  or  group  of  substances  considered 
ag  L^lated  from  any  substance  or  condition  by  which  it  may  be 
affected.  For  example,  if  we  have  water  in  a  closed  glass  vessel 
we  may  have  only  water  and  water  vapor,  or  we  may  have  ice, 
wmter  and  vapor  or  ice  and  vapor*     This  is  a  system. 

If  we  now  by  any  means  change  the  proportion  of  liquid  or 
fBpor  or  ice  with  respect  to  each  other  we  say  we  convert  them 
bam  one  phase  to  another,  i.e.^  ice  may  be  changed  from  the 
Bolid  phase  to  the  liquid  phase  and  this  to  the  vapor  phase.  The 
ioe  id  supposed  to  be  homogeneous,  as  also  the  liquid  and  vapor, 
k  pfaase  may,  therefore,  be  defined  as  one  of  the  homogeneous 
portions  of  a  system* 

We  have  three  means,  and  three  only,  of  disturbing  a  system 
ID  equilibrium,  triz.,  by  change  of  temperature,  change  of  pres- 
wae  and  change  of  composition.  If  a  system  is  such  that  neither 
pressure,  temperature  nor  composition  can  be  changed  without 
deetruotion  of  a  phase  we  have  no  degrees  of  freedom* 

If  we  can  change  the  temperature  or  the  composition  or 
|ve»ure  without  destroying  a  phase  we  have  one  degree  of  free- 
dom, and  if  we  can  change  the  temperature  and,  independently, 
Gther  of  the  other  variables  we  have  two  degrees  of  freedom,  etc. 
StDoe  in  a  system  there  may  be  two  immiscible  Uquids  containing 
fltihstances  in  solution  the  composition  of  which  may  vary,  we 
fiuiy  have  more  than  three  degrees  of  freedom.     The  number  of 
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degrees  of  freedom  of  a  system  are  then  the  number  of  inde- 
pendent variations  of  temperature,  composition,  or  pressure  which 
can  be  produced  without  changing  the  number  of  phases  of  a 
system, 

In  a  system  such  as  water  and  water  vapor  we  have  one  chemi- 
cal substance,  the  molecules  of  water.  This  is  spoken  of  as  a 
system  consisting  of  two  phases  but  of  one  component.  A  com- 
ponent, is,  then,  a  chemical  individual  which  takes  independent 
part  in  a  change  of  equilibriumi  but  is  not  decomposed  m  theB 
process.  This  statement  is  a  little  unclear,  but  perhaps  we  may 
proceed  to  the  statement  of  the  law  and  give  enough  illustration 
to  make  its  meaning  and  utility  clear.  Willard  Gibbs  reached 
the  conclusion  that  when  a  system  is  in  equilibrium  the  number 
of  phases,  plus  the  number  of  degrees  of  freedom^  equals  the 
number  of  components  plus  two,  or  P  +  F  =  C  +  2.  where 
P  =  phases,   F  =  degrees  of  freedom  and  C  =  components. 

The  phase  rule  serves  two  purposes:  as  a  basis  for  the  classi- 
fication of  similar  systems  of  equilibrium  and  as  a  means  of  de- 
termination of  the  number  of  components  where  phases  and 
degrees  of  freedom  are  known. 


Noti'Variant  Systems,  —  If  a  system  has  no  degrees  of  free- 
dom it  is  said  to  be  non-variant.  An  illustration  is  furnished 
by  ice,  water  and  water  vapor  in  equilibrium.  If  we  have  such 
a  system  in  equilibrium  enclosed  in  a  cylinder  with  a  movable 
piston  we  find  the  pressure  of  water  vapor  on  the  piston  equal 
to  4  mm.  of  mercury,  the  vapor  tension  of  water  at  0°.  If  we 
attempt  to  increase  the  pressure  by  adding  weights  to  the  piston 
instead  of  causing  increase  of  pressure  by  concentration  of  vapor, 
the  vapor  condenses  to  water.  If  we  attempt  to  heat  the  system 
no  change  in  composition  of  ice  or  water  or  water  vapor  occurs. 
The  ice  simply  melts.  If  we  attempt  to  increase  the  concentra- 
tion of  water  vapor  by  introducing  more  of  it,  it  simply  condenses, 
I.e.,  we  can  change  the  equihbrium  of  water,  ice  and  water  vapor 
neither  by  change  of  temperature,  composition  nor  pressure  so 
long  as  all  three  phases  exist.  The  system  is  non-variant,  so  long 
as  we  have  one  component,  water,  and  three  phases 

P  +  F  ^C  +  2,    or    3  +  0  =  1+2. 

Thifl  condition  obtains  for  all  systems  where  the  number  of  phases!] 
exceeds  the  number  of  components  by  two. 


Unitxiri&nt  Systems*  —  If  to  the  above  system  we  supply  heat 
nitfl  the  ice  is  converted  to  water  continued  heating  raises  the 
tfinpcrature  and  simultaneously  the  vapor  pressure  is  increased. 
According  to  the  phase  rule  this  system  is  univariant  since  we 
ha%'e  two  phases,  water  vapor,  and  one  component,  i.e.f  2  +  F 
=  1+2  and  therefore  F  =  I.  We  may  at  will  change  one  of 
the  %'ariables  without  destroying  a  phase  but  the  other  variables 
must  alter  correspondingly. 

The  system^  ice  and  water,  is  likewise  univariant.  Ice  and 
wat^  are  in  equilibrium  at  0"^.  If  pressure  is  applied  to  the  sys- 
tem ice  melts,  since  the  volume  of  water  is  less  than  of  ice  and 
according  to  Le  Chatelier's  theorem  the  change  to  water  will 
teed  to  lessen  the  pressure.  In  changing  from  ice  to  water  heat 
if  absorbed  and  hence  the  temperature  of  the  8>'8tem  falls.  Fixing 
the  pressure  on  any  ice-water  system  therefore  determines  the 
temperature  of  equilibrium.  Experiment  shows  that  the  melting 
point  of  ice  is  lowered  0.0075°  for  each  atmosphere  of  pressure. 

Bivariant  Sy^stems.  -^  When  we  heat  water  at  a  constant  pres^ 
5ure»  eg,,  at  atmospheric  pressure^  until  the  vapor  pressure  is 
equal  to  the  pressure  applied,  then  so  long  as  heat  is  supplied 
IK)  state  of  equihbrium  can  be  reached,  for  so  long  as  the  pres- 
mire  is  fixed  the  temperature  must  likewise  remain  fixed.  When 
all  the  water  in  the  system  is  converted  into  steam  we  have  a 
f}'fitem  consisting  of  one  phase  and  one  component.  It  should, 
by  the  phase  rule,  be  bivariant  and  consequently  have  two  inde- 
pendent variables*  This  is  the  case,  as  is  shown  by  the  fact  that 
both  pressure  and  temperature  may  be  changed  without  change 
of  phase. 

Folyvariant  Systems*  —  Only  one  example  of  a  system  having 
more  than  two  degrees  of  freedom  will  be  given.  A  tri variant  sys- 
tem is  illustrated  by  a  salt  solution.  Here  we  have  but  one  phase, 
liquid  and  two  components,  solute  and  solvent,  1  -h  F  =  2  +  2, 
and  therefore  F  =  3*  We  have  three  independent  variables  and 
heuoe  even  when  pressure  and  temperature  are  held  constant  we 
can  vary  the  composition  of  the  solution  between  wide  limits. 
The  facts  are  in  accord  with  the  phase  rule.  If,  however,  we  have 
two  phases,  €*g,y  a  solid  and  liquid,  the  system  becomes  divariant 
and  fixing  the  temperature  and  pressure  fixes  also  the  composition. 
This  accords  with  fixed  solubility  at  a  given  temperature  and  pres- 
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sure.    If  all  water  be  chemically  combined  with  the  solute  we  have 
a  non-variant  system  since  we  have  but  one  component. 

Graphic  Illustration,  —  A  convenient  method  of  pFe^sentini^ 

the  relatioriB  which  have  jtist  been  discussed  is  illustrated  by  figures" 
66  and  67*  Fig.  66  shows  the  conditions  of  eqiiilibriuiii  for  the 
various  systems  of  water,  ice  and  water  vapor.  Ice,  water  and 
vapor  can  exist  in  equilibrium  only  at  one  temperature  and  pressure^ 
the  triple  point.  The  other  systems  may  exist  as  indicated  by  the 
lines  in  the  diagram*  It  will  be  observed  that  a  non-variant  sys- 
tem is  represented  by  a  point,  a  univariant  system  by  a  line,  and 
a  divariant  system  by  an  area.  Trivariant  and  higher  systems 
require  a  greater  number  of  coordinates  and  their  discussion  wouldj 
lead  us  beyond  our  present  purpose, 
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Figure  67  presents  a  similar  diagram  for  sulfur  systems, 
this  figure  the  line  OA  represents  the  variations  of  temperature  and 
pressure  for  equilibriiun  between  rhombic  sulfur  and  sulfur  vapor; 
AB,  monoclinic  sulfur  and  vapor;  BC,  liquid  sulfur  and  vapor. 
The  line  BE,  the  conditions  for  equilibrium  between  monoclinic 
sulfur  and  liquid.  It  may  be  specially  noted  that  the  line  AE 
represents  the  melting  point  of  rhombic  sulfur  and  slopes  to  the 
right,  since  the  volume  of  liquid  sulfur  is  greater  than  that  of  solid 
sulfur.    This  effect  of  pressure  accords  with  Le  Chatelier's  theorem* 

MetcLstable  Equilibrium,  —  Ordinarily  when  we  have  a  system 
in  equilibrium  and  change  the  conditions  so  that  a  change  of 
phase  should  occur,  the  change  takes  place  at  once.  SupposCi 
for  example,  we  have  a  saturat^ed  solution  of  a  salt  in  equilibrium 
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with  the  solid  solute  and  t^ie  temperature  is  reduced.  If  the  Bolute 
il  leas  soluble  at  lower  temperature  some  salt  crystallizes  out. 
This  is  the  ordinary  behavior.  There  are  cases,  however,  in  which, 
for  reasons  yet  undetermined,  changes  of  this  sort  do  not  take  place. 
For  exaniple,  with  many  substances,  particularly  with  hydrates  in 
flolution,  if  we  carefully  remove  all  traces  of  the  solid  solute,  we 
nmy  cool  a  solution  much  below  the  point  where  crystallization 
should  occur  without  any  change  manifesting  itself.  This  we  have 
already  encountered  (see  Supersaturated  Solutions,  Chap.  IV). 
Such  systems  are  said  to  be  in  metastable  equilibrium.  The 
phenomenon  is  of  quite  frequent  occurrence.  For  example,  water 
may  be  cooled  much  below  zero  without  formation  of  ice.  Rhom- 
bic sulfur  may  be  heated  much  above  the  transition  point,  94.5** 
(see  Fig.  67)  without  immediate  transformation  to  the  mono- 
dinic  fonn,  Gas  may  be  cooled  below  or  compressed  beyond  the 
true  equilibrium  point  before  liquefaction  begins.  Ordinary 
** taffy"  and  ''butterscotch**  are  metastable  solutions  of  sugar. 
If,  however,  we  have  a  metastable  system  and  initiate  the  change 
tea  stable  form  the  change  always  goes  on  until  the  true  equilibrium 
is  obtained.  Initiation  of  such  changes  is  usually  easy.  The 
methods  ordinarily  effective  are  violent  agitation  of  the  system 
or  *'  inoculation.**  Inoculation  consists  in  introducing  into  the 
system  a  small  amount  of  the  phase  tending  to  be  formed.  Why 
means  should  effect  the  change  ia  not  known. 


I 
1 


Cryohydrates  or  Euteetic  Mixtures.  —  When  solutions  of 
salt  and  water  are  cooled  the  freezing  point  of  the  solution  is  lower 
than  that  of  pure  water,  as  we  have  already  observed.  If  the  solu- 
tion is  dilute,  pure  ice  separates  out.  This,  of  course,  leaves  the 
remaining  solution  more  concentrated  and  on  further  cooling  the 
continues  to  separate  until  a  concentration  of  22.4  per  cent  is 
ched.  The  whole  then  solidifies.  If  a  concentration  of  salt  in 
ik)Iution  greater  than  22.4  per  cent  be  cooled,  salt  crystallizes  out  on 
ling  until  again  when  22.4  per  cent  is  reached  the  whole  solution 
stallizes.  This  is  graphically  illustrated  in  Fig.  68.  Tlie  point 
'  oorresponding  to  —21.2*'  C,  and  a  concentration  of  22.4  per  cent 
!t  is  known  as  the  euteetic  point.  This  was  supposed  to  corre- 
nd  to  the  freezing  point  of  a  hydrate,  NaCl  •  lOHiO,  hence 
solid  was  called  a  cryohydrate  (from  xpvot  —  frost).  Such 
lids  do  not  consist  of  transparent  crystals  but  are  opaque.  One 
bf  the  components  is  frequently  soluble  in  a  solvent  which  does 


possible  to  express  i 
8  of  the  atomic  weig 
considered  as  mixtures  and. 
termed  eutectic  mixturesi 
(frora    €v  =  easily    and! 
n^Kuy  =  to  fuse).     The 
most  convincing  reasonl 
for     considering     them 
mixtures  is  that  accord- 
ing  to   the   phase   rule 
such    a    system    should 
be,  as  it  is,  non-variant. 


Point 


30 


Maximum 
in    Freezing 

Curves.— Two  examples 

of  the  application  of  the 
phase  rule  to  the  detec- 
tion of  compounds  may 
now  be  given.  If  we  add 
gaseous  hydrochloric  _ 
acid  to  water  the  freez-| 
ing  point  is  lowered  un- 
til a  eutectic  point,  at 
—  85°^  is  reached.  (See 
Fig,  69.)  By  increasing 
the  concentration  of  the 
acid  the  freezing  point  is  raised  until  at  —24.4°  we  have  a  maxi- 
mum point  in  the  freezing  point  curve.  The  concentration  of  acid 
is  at  this  point  40.3  per  cent  HCL  This  corresponds  to  a  compound 
of  the  formula  HCl  •  3HtO.  Now,  by  the  phase  rule,  if  there 
exists  but  one  component  and  three  phases,  we  should  have  a  non- 
variant  system  and  hence  no  degrees  of  freedom  {3  +  F  =  1  +  2, 
therefore  F  =  0).  It  further  follows  frora  the  phase  rule  that 
addition  of  either  water  or  acid  to  this  system  should  lower  the  I 
freezing  point,  and  this  is  the  case  The  occurrence  of  maxima  in  " 
freezing  point  curves  is  hence  considered  as  indicative  of  compounds 
formed  between  solute  and  solvent  just  as  minima  indicate  eutec- 
tic mixtures.  The  maxima  in  the  curve  given  in  Fig,  68  correspond 
to  HCl*3HiO  and  HCl '21120,  There  is,  however^  no  maximum 
corresponding  to  the  composition  of  the  constant  boiling  solu 


911  of  hj^drochloric  acid  {cf.  p.  126),  which  is  an  additional  reason 
for  regarding  this  solution  a  mixture. 

A  similar  set  of  maxima  in  the  freezing  point  curve  of  sulfur 
ttrioxide  and  water  are 
:iven  in  Fig.  70.    They 
>nd    to   the  hy- 
rdrates    HfS04-4H20, 
'H,S04-2H,0.      H,SO,- 
H»0,  H1SO4  and  H^SaOi, 
pother  examples  of  such 
Btitilization  of  the  phase 
^bd&    might     be     cited, 
^^Ewy  will  be  more  effec- 
tive, perhaps,  if  consid- 
ered separately* 

■       Freeming  Mixtures^ 

V —  When  ice  and  salt  are 
mixed,  since  some  salt 
dieeolves  in  the  moisture 
upon  the  surface,  we 
have  a  system  consisting 

I  of  four  phases,  ice^  salt, 
solution  and  vapor  and 
but  two  components. 
Such  a  system  is  non- 
'  variant  (4  +  0  =  2  +  2). 
The  only  point  where 
equilibrium  can  be 


point.  Since  ice  in  melting  absorbs  heat 
the  temperature  is  continually  lowered  and,  if  there  is  an  excess  of 
[Salt  and  the  system  is  sufficiently  isolated,  the  eutectic  point 
—21.2**  is  reached. 

With  any  other  mixture  of  ice  and  a  soluble  substance  a  like 
lowering  of  the  temperature  is  produced,  provided »  of  course,  the 
heat  of  solution  is  not  greater  than  the  absorption  produced  by  the 
melting  of  ice.  The  minimum  temperature  is,  of  course,  the  cryo- 
hydric  point  for  the  substance  used.  Whether  this  temperature  is 
actually  reached  depends  on  the  quantities  used  and  the  com- 
pleteness of  insulation  of  the  system.  One  of  the  most  remarkable 
Jreezing  mixtures  is  that  furnished  by  ice  and  sulfuric  acid,  by  means 
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of  which  a\ temperature  of  —37°  C.  is  readily  obtained.  With 
Cadt  *  6HsO  and  ice  a  .temperature  of  —  55°  C.  is  obtained.  The 
toe  of  freeing  mixtures  for  the  manufacture  of  ice  cream  and  other 
iees  18  very  familiar.  Another  long  used  application  is  in  the 
liquefaction  of  ice  on  sidewalks  by  use  of  salt  or  of  ashes. 

ExerdMes.-^!.  Under  what  circumstances  could  a  non-van- 
int  system  consisting  of  sodium  sulfate  and  water  exist?  A  uni- 
variant  system? 

2.  How  could  you  prepare  a  metastable  system  of  sodium  thio- 
salfate  and  water? 

3.  Show  by  the  phase  rule  that  the  maxima  and  minima  in 
Ireesing  point  curves  of  aqueous  solutions  of  hydrochloric  acid  and 
flolfuric  acid  constitute  non-variant  points. 

4.  When  potassium  iodide  solution  dissolves  iodine  it  is  possible 
that  either  KIs  or  KIs,  or  both,  are  produced  by  addition.  Could 
the  phase  rule  be  used  to  solve  the  problem?    If  so,  how? 


tntraduction. — ^We  have  observed  that  certam  elements 
each  group  of  the  periodic  system  are  very  clearly  related  to  each 
other,  but  we  have  not  discussed  any  members  of  sub-group  ^4, 
This  is  partly  because  of  the  greater  ijnportance  of  the  members  of 
the  sub-group  B  aod  partly  because  the  members  of  sub-group  A  of 
both  the  sixth  and  seventh  groups  have  properties  relating  them 
with  metals.  Their  discussion  will  be  presented  in  due  season. 
It  seems  wise  at  this  stage  to  take  up  a  new  group  and  present  its 
typical  element  in  some  detail  and  then,  in  less  detail^  the  sub- 
group B  related  to  it.  There  is  also  a  very  important  substance, 
the  air,  which  must  6nd  discussion  somewhere  because  of  its  im* 
portance,  and  yet  no  rational  place  is  set  aside  for  discussion  of 
mixtures.  Hence,  we  shall  introduce  it  along  with  its  most  impor- 
tant component  (see  Chap.  XV), 


Occurrence.  —  In  the  free  condition  nitrogen  constitutes  ap- 
proximately four-fifths  of  the  air.  This  statement,  brief  as  it 
seems,  is  sufficient  to  convey  to  the  reader  the  realization  of  the 
enormous  quantity  of  the  substance  available  in  this  form.  Since, 
as  we  shall  see,  nitrogen  in  proper  combinations  is  an  essential  food- 
stuff, this  potential  reservoir  is  interesting  (vide  infra).  It  is 
also  found  occluded  or  enclosed  in  some  minerals.  Combined,  it 
is  found  in  many  forms,  for  example,  ammonia  and  nitrates  are 
present  in  small  quantities  in  all  fertile  soils  and  great  deposits  of 
nitrates  are  found  in  dry  regions  such  as  northern  Chile  and  the 
Death's  Valley  region  of  California,  Natural  manures,  such  as 
guano,  contain  nitrogen  compounds*  Most  important  of  all,  when- 
ever Hving  matter  endowed  with  the  power  of  auto-locomotion, 
is  found,  nitrogen  compounds  of  the  order  of  albumin  are  present^ 
and  it  is  interesting  to  note  that  whatever  the  exact  character  of 
this  substance  may  be  the  percentage  of  nitrogen  is  always  nearly 
*iie  same 
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nUt4My,  —  Nitrogen  was  in  an  uncertain  manner  recognized 
10  an  inactive  constituent  of  the  air  at  least  a  hyndred  years  be- 
fere  Rutherford,  io  1772,  recognized  that  by  burning  substances 
in  the  air  a  residue  incapable  of  supporting  combustion  was  left. 
LBToiaier  proposed  to  call  this  gas  azote  (from  a  =  not  and  (mros 
« living)*  Chaptal  (1823)  suggested  the  name  nitrogen  (from 
mrprnv  —  nit-er  and  yivata  =  I  produce).  This  name  is  used  by 
EngUsh-speaking  peoples.  The  Germans  use  the  highly  descrip- 
tive term  stickstoff  (=  choke  stuff).  Yet  in  all  languages  the 
Bymbol  is  N  except  in  the  French.  This  is  interesting  as  pre- 
ttnting  almost  the  sole  exception  to  the  int-ernational  Bymbolism 
of  chemistry. 

Preparation, — Somewhat  impure  nitrogen  may  be  prepared 
from  the  air  by  burning  easily  combustible  materials,  such  as 
phosphorus,  in  suitable  closed  vessels  and  absorbing  the  products 
of  combustion  in  w^ater.  (Fig. 
71-)  If  the  residual  gas  is  then 
paned  through  an  alkaline  solu- 
tion and  subsequently  over  a 
drying  agent  such  as  phosphorus 
pentoxide,  the  process  removes 
the  oxygen,  carbon  dioxide  and 
water  vapor  and  leaves  an  in- 
ftciive  gaseous  mixture  consisting 
of  about  one  per  cent  of  a  mix- 
ture of  gases  known  as  the  argon 
family  and  of  nitrogen. 

Pure  nitrogen  may  be  pre- 
pared by  gently  heating  ammo- 
nium nitrite:  NHiNOi -*  2HjO 
+  Nt,  It  is  more  convenient, 
usually,  to  heat  ammonium  chloride  and  sodium  nitrite,  thus 
forming  and  immediately  decomposing  the  nitrite  of  ammonium. 
Of  course,  many  other  methods  of  isolation  of  nitrogen^  more  or 
leas  pure,  are  available,  such  as  the  decomposition  of  ammonium 
dichromat<e  by  heat^  decomposition  of  ammonia  by  heated  copper 
oxide,  fractional  distillation  of  liquid  air,  etc.  The  last  men- 
tioned is  used  where  large  quantities  of  nitrogen  are  used  in 
manufacturing  operations,  as  in  the  manufacture  of  cyana- 
tnide. 


Fro.  71. 
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Properties^  Phyncal  and  ChemicaL  —  Nitrogen  is  a  colo 
less,  odorless,  tasteless  gas,  soluble  in  wat-er  only  to  the  extend 
of  two  volumes  per  100  at  0"^.  It  may  be  condensed  to  a  liquidj 
which  boils  at  —195^,  and  forms  by  further  cooling  a  snow-like 
mass  with  a  melting  point  of  —214°*  Its  molecular  weight  is 
28.02,  and  its  specific  gravity  is  0.967.  One  liter  under  standard 
conditions  weighs  1.2506  grams*  It  is,  at  ordinary  temperatures, 
an  inactive  gas  and  unites  very  slowly,  if  at  all,  with  other  ele- 
ments. This  inactivity  is  usually  regarded  as  due  to  the  stability 
of  its  molecules  in  diatomic  form.  At  any  rate,  when  subjected 
to  such  treatment  as  would  tend  to  dissociate  it  int^  its  atoms, 
for  example,  at  high  temperature  or  under  the  influence  of  the 
electric  spark,  it  reacts  fairly  rapidly  with  many  elements  and 
compounds.  Thus  if  heated  to  a  high  temperature  with  certajs 
metals,  as  calcium,  lithium,  magnesium,  etc.,  it  forms  compound! 
known  as  nitrides.  Also  if  nitrogen  is  heated  in  an  electric  fur- 
with   calcium  carbide,  CaCj,  a  highly  valued   fertilizer  k 


nace 


produced,  known  as  cyanamide,  CaCNt, 

CaC^  +  Na  -^  CaCNi  +  C. 


4 


If  nitrogen  be  sparked  with  oxygen,  some  nitrogen  peroxide  is 
produced,  and  if  the  establishment  of  equilibrium  be  prevented 
by  absorption  of  the  oxide  in  water  or  alkali,  the  reaction  may 
be  made  complete.  This  reaction  was  used  by  Cavendish  in  1785 
and  in  the  last  few  years,  due  to  cheap  electric  power  and  a  special 
process,  known  as  the  Birkeland-Eyde  process,  has  b^en  used  to 

'prepare  tons  of  nitrates.  (See  Eighth  International  Congress 
^  eport,  Vol,  28,  p.  169.)  If  hydrogen  be  used  instead  of  oxygen, 
the  union  of  the  two  elements  proceeds  very  slowly  at  higher 
temperatures  and  equilibrium  is  reached  before  a  very  large  pro- 
portion of  the  gases  unite,  but  by  means  of  high  pressure  the 

^reaction,  Ni  +  3H2i:^2NHj,  may  be  shifted  toward  the  right,  ae 
to  be  expected  from  Le  Chatelier's  Law.  If  the  reaction  be 
hastened  by  means  of  a  catalytic  agent  the  process  may  be  used 
in  the  manufacture  of  ammonia,  as  is  being  done  by  the  Badischc 
Anilin  und  Soda  Fabrik  (cf,  p.  265)  (see  Jour.  Ind.  and  Eng.  Chem. 
Sept.  15,  1917).  If  nitrogen  is  enclosed  in  tube^  and  evacuatec 
until  a  low  pressure  is  reached  and  "sparked  '*  by  static  discbarge 
an  active  form  of  nitrogen  is  obtained,  which  unites  directly  wit! 
phosphorus,    sodium,    mercury,    etc.,  at    ordinary    tempexatu 
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U  is  supposed  by  its  discoverer,  J.  R.  Stnitt,  to  be  monoatomic 
ttitrogen,  but  this  is  by  do  means  certain. 

The  equivalent  weight  of  nitrogen,  as  shown  by  analysis  of 
ammonia,  is  4.67,  and  the  smallest  proportion  which  appears  in 
a  gram  molecular  volume  of  any  of  its  volatile  compounds  is  14.01. 
In  ammonia  it  is,  therefore,  a  trivalent  element.  As  will  be  seen, 
we  have  reason  to  believe  that  it  always  shows  this  valence  with 
I  hydrogien  alone,  though  in  combination  with  other  elements  its 
[^valency  may  vary  from  one  to  five. 

Uses  of  Nitrogen.  ^^  the  Nitrogen  Cycle.  Nitrogen  is  an  es- 
sential constituent  of  all  living  forms  of  matter  and  is  constantly 
being  built  into  new  tissues  and  being  removed  as  old  tissues 
are  destroyed  incident  to  functional  activities*  It  is,  therefore, 
eauential  as  both  plant  and  animal  food,  and  it  is  present  in  vari- 
ous forms  in  the  products  of  decay.  Yet  animals,  and  plants 
in  general,  are  unable  to  use  atmospheric  or  other  free  nitrogen 
and  animals  cannot  assimilate  the  so-called  mineral  compounds. 
Animals  are  dependent  upon  plants,  directly  or  indirectly,  for 
their  supplies  of  nitrogenous  food,  as  well  as  for  their  supplies 
of  combined  carbon.  (See  carbon  cycle.)  Plants  are  ordinarily 
able  to  use  nitrates  and  other  nitrogen  compounds  and  from  them 
produce  the  complex  forms  which  are  available  both  for  plants 
and  animals  as  food. 

^The  single  instance  of  direct  utilization  of  atmospheric  nitrogen 
by  living  organisms  seems  to  be  furnished  by  certain  bacteria 
which  thrive  best,  apparently,  upon  the  roots  of  certain  plants, 
(This  sort  of  community  life  is  called  symbiosis.)  These  bacteria 
appear  to  be  able  to  convert  atmospheric  nitrogen  into  forms 
available  for  their  own  use  and,  directly  or  indirectly,  a  supply 
available  for  their  hosts,  a  sort  of  rent  as  it  were  for  the  nodules 
furnished  by  the  peas,  beans,  clover,  etc.,  with  which  they  live, ' 

When  nitrogen  in  the  form  of  compounds  has  served  its  func- 
tion in  the  living  body  and  is  removed  as  excreta,  or  the  anima! 
or  plant  decays  after  death,  the  further  course  depends  upon 
drctmastances.  If  decay  takes  place  out  of  contact  with  basic 
materials,  the  putrefactive  organisms  convert  the  nitrogenous 
compounds  into  ammonia,  which  is  either  absorbed  by  the  soil 
and  is  again  available  for  plant  food,  or  it  escapes  into  the 
air  to  be  eventually  returned  to  the  soil  through  the  agency  of 
rain.     Under  certain  circumstances,  apparently  dependent  upon 


the  presence  of  basic  materials  such  as  potassium,  sodium ,  and 
calcium  carbonates  and  phosphates  and  certain  varieties  of  bac* 
terial  organisms,  the  effete  organic  nitrogen  is  converted  into 
nitrates,  which  are  available  as  plant  food* 

When  such  refuse  matter  is  burned,  most  of  the  nitrogen  ig 
returned  to  the  air  in  elementary  form,  and,  so  far  as  natural 
processes  are  concerned,  is  forever  lost  to  living  forms,  except 
such  relatively  small  amounts  as  are  again  rendered  available  by 
lightning  flashes  forming  oxides  of  nitrogen,  and  by  the  bacterial 
agency  previously  mentioned. 

Sewage  which  is  allowed  to  escape  into  the  sea  also  escapes 
utihzation,  at  least  in  large  part,  and  hence  the  modern  garbagpo 
incineration  and  sewage  disposal  has  its  unfortunate,  as  well  aa 
its  advantageous,  aspects.  This  theme  might  be  more  extensively 
discussed  with  profit,  but  this  is  perhaps  not  the  place*  Bunge*3 
idea  that  all  operations  which  destroy  nitrogenous  compoundSi 
such  as  the  explosion  of  dynamite  and  guncotton  and  destruction 
of  sewage  and  garbage,  are  destructive  of  hfe,  whatever  their 
immediate  result,  is  worthy  of  thought.  These  operations  are 
mostly  human  activities,  and  the  counteracting  influences  are  the 
artificial  manufacture  of  nitrogen  compounds  from  the  air  such 
as  are  mentioned  on  p.  264.  This  is  a  particularly  interesting 
illustration  of  the  theorem  of  Le  Chatelier. 

The  figure  below,  modified  from  Mellor,  illustrates  graphically , 
the  cycle  of  nitrogen  in  nature. 
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Ammonia  and  its  Derivatives 

Occurrence.  ^  As  is  obvious  from  the  cycle  just  discussed,  am- 
monia, or  its  derivative  compounds,  is  present  in  the  atmosphere 
smaU  and  var^^ng  quantities  and  also  in  surface  waters.     It 
\y  be  detected  in  the  gases  rising  from  decaying  animal  refuse 
i  is  a  constituent  of  most  volcanic  gases, 


HUtery*  —  Ammonia,  or  rather  ammonium  chloride,  was  known 
^to  tfee  early  alchemists,  being  formed  by  the  distillation  of  urine, 
or  the  dejecta  of  animals,  with  common  salt,  hence  the  name 
spiiitus  sails  urtnae.  The  name  sal  ammoniac  seems  to  be  de- 
rived from  the  fact  that  it,  ammonium  chloride,  was  known  to 
the  priests  of  Ammon,  the  Sun  God  of  Egypt.  A  pungent  ill-smell- 
ing liquid  cont-aining  ammonia  was  early  obtained  by  distilling  harts' 
boms  coUec»ted  in  the  forests  of  Europe.  It  was  used  medicinally, 
and  was  called  sptrit-s  of  hartshorn*  The  gas  was  first  collected 
in  a  pure  condition  by  Priestley  in  1774,  by  distilling  ammonium 
chloride  with  lime  and  collecting  the  gas  over  mercury.  He 
called  it  alkaline  air. 


^ 


2NH4CI  +  CaO  ^  HaO  +  2NH|  +  CaClj. 


Its  composition  was  established  by  BerthoUet  (1783)  and  its 
volumetric  relations  by  Gay-Lussac  (1808). 


I 


Preparation* —  (1)  When  coal  is  distilled,  for  the  preparation 
of  coal  gas  or  of  coke,  huge  quantities  of  ammonia  and  of  am- 
monium salts  are  formed.  These  are  also  formed  when  any  similar 
nitrogenous  material  is  subjected  to  destruction  by  distillation. 
Ammonia  and  ammoniacal  compounds  are  found  in  the  aqueous 
distillate.  By  distilling  this  liquid  with  slaked  lime,  or  other  bases, 
ammonia  is  liberated  and  may  be  absorbed  by  dilute  sulfuric  acid. 
When  a  quantity  of  sulfuric  acid  is  neutralized  the  solution  is 
evaporated  to  crystalhzation,  and  the  crude  sulfate  so  obtained  is 
again  distilled  with  lime.  The  reactions  taking  place  may  be  illus* 
trated: 

(NHi),COa  +  Ca(OH),  ->  CaCO,  +  2NHa  +  2HtO, 

2NH,  +  HiSO*  -^  (NHi),S04, 
(NH4),S04  -h  Ca(OH)j  ^  CaSO,  +  2H,0  +  2NH,. 

The  details  of  the  very  elaborate  machinery  used  in  carrying  out 
these  operations  on  a  large  scale  may  be  obtained  from  books  on 
Industrial  Chemistry.  (See  Thorpe's  Industrial  Chemistry-)  The 
ammonia  so  obtained  may  he  compressed  into  liquid  fomi  and 
stored  in  suitable  steel  cylinders,  or  it  may  be  absorbed  by  water; 
in  which  form  it  is  sold  as  aqua  ammonia. 

(2)  Ammonia  may  also  be  formed  by  reduction  of  the  oxygen 
compounds   of  nitrogen^  by  nascent   hydrogen.     The   most  con- 
sent illustration  is  furnished  by  placing  zinc  or  aluminium  in 
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a  solution  of  sodium  hydroxide  and  to  the  mixture,  which  slowly 
evolves  hydrogen,  adding  a  solution  of  a  nitrate.  The  ammonia 
formed  may  be  driven  off  by  distillation  and  the  quantity  deter- 
mined by  any  suitable  method.  (See  Nessler's  Regent*)  This 
method  is  interesting  because  it  may  be  used  for  determining 
the  quantity  of  nitrates  in  water  and  sewage. 

(3)  Ammonia  is  also  formed  when  organic  compounds  are 
heated  with  concentrated  sulfuric  acid.  Of  course,  ammonium 
sulfate  is  at  once  formed ;  and  the  ammonia,  if  desired,  has  to  be 
liberated  by  distilling  with  a  base.  If  the  formation  of  ammonia 
is  to  be  quantitative,  i.e.,  if  all  the  nitrogen  is  to  be  so  transformed, 
various  modifications  have  to  be  made.  These  are  fuUy  discussed 
in  all  texts  on  quantitative  chemistry,  since  the  method,  known  bs 
Kjeldahrs  method,  is  most  frequently  used  in  detenxiinmg  the 
nitrogen  content  of  foods  and  other  articles  of  commerce. 

(4)  Ammonia  is  formed  by  the  reaction  between  water  and 
certain  nitrides  (hydrolysis),  e.g., 

MgaNj  +  6HaO  -♦  3Mg(0H),  +  2NHt. 

This  t^Tpe  of  formation  is  important  because  it  is  similar  to  that 
which  takes  place  slowly  in  the  soil  with  calcium  cyanamide  and 
gives  to  the  latter  its  value  as  a  fertilizer.  ^^M 

U  CaCN,  +  3HiO  -^  CaCO«  +  2NHi.  ^^ 

^  (5)  As  previously  mentioned  (p.  133),  ammonia  is  formed  by  * 
sparking  a  mixture  of  nitrogen  and  hydrogen  together,  but  the 
action  is  slow  and  reversible.  It  may  be  driven  to  completion  in 
case  ammonia  is  removed  as  fast  as  fonned,  but  so  far  the  method 
has  not  been  found  practicable  on  a  large  scale.  If,  however,  nitro-a 
gen  and  hydrogen  be  brought  together  at  high  temperature  and 
pressure,  in  the  presence  of  a  catalytic  agent,  e.g*,  at  500^  C.  and 
210  atmospheres  of  pressure,  and  with  osmium  as  a  catalytic  agent, 
the  reaction  may  be  made  to  go  rapidly  and  readily  enough  to 
furnish  the  basis  of  a  process  of  commercial  preparation  of  am^ 
monia. 


This  is  a  very  recently  developed  industry,  and  ts  especially  remarkable  not 
only  because  the  difficulties  of  operating  with  huge  volumes  of  gaa  at  higl)  tempen^ 
ture  and  high  preesure  are  very  greats  but  also  because  of  the  faet  that  the  product 
IB  a  cheap  commodity  and  the  coat  of  operatioo  and  of  tbe  cataljrver  would  aeeni 
prohibitive,  (Ammonia  costs  about  0.007  of  a  cent  and  osmium  about  12  per 
gram.)    The  induatry  is  alao  remarkable  beoauae  the  nitrogen  needed  lor  Hit 
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obtained  by  fraction&iion  of  liquni  air  {q,v»)  and  the  hydrogeo  by 
ffWtioiiatioTi  of  liquid  wat^r  gaa  (q.tf.),  Ita  development  is  supposed  to  have  a 
very  great  bearing  upon  Germany's  ability  to  supply  itaeif  with  war  munitions, 
)  ammonia  is  not  only  a  factor  in  certain  explosives  (see  ammonite)  but  the 
I  may  be  bumod,  in  the  presence  of  platinum  m  a  catalyaer,  to  produce  nitrio 
add,  a  very  essential  factor  in  the  production  of  exptoflivefl.  It  is  claimed  that 
orer  100^000  tons  of  nitric  acid  were  produced  by  this  method  in  Germany  in 
1915,  and  that  the  Germ^i  government  hm  sulmidized  the  industry  to  the  extent 
of  fifty  million  dollars.  (Sec  English  Review,  Vol.  22,  p.  22,  1916.)  The  succe^ 
of  thia  commercial  enterprise  is  an  example  of  the  human  infi^nuity  which  almost 
juflUfiee  Shelley's  poetic  frenzy  in  hia  Ode  to  Man  in  **  PiometheuB  Unb<3Uiid" 

P.  '*  The  lightning  is  hta  alave;   Heaven^B  utmost  deep 

[  Gives  up  her  stars  and  like  a  flock  of  sheep 

I  They  paaa  before  his  eyes,  are  numbered  and  roll  on: 

I  The  tempest  is  his  steed,  he  slrideB  the  air ; 

I  And  the  abyss  shouts  from  her  depth  laid  bare, 

Heaven  hajst  Thou  secrets?  Man  unveils  me,  I  have  none/' 
(6)  In  the  laboratory  when  small  amounts  of  ammonia  are 
desired,  the  most  convenient  method  is  to  gently  warm  the  concen- 
trated solution,  aqua  ammonia,  and  pass  the  gas,  for  drying, 
through  a  U  tube  or  other  gas  drying  tube  filled  with  pieces  of  quick- 
lime (CaO).     (See  Fig.  17.) 

Properties,  — Ammonia  is  a  gas  at  ordinary  temperatures  with 
a  pungent  odor  which  is  qaite  characteristic.  It  is  non-respirable 
and  affects  painfully  the  membranes  of  the  eyes  and  throat.  Ita 
Bpecifie  gravity  is  0.5971  and  it  must  be  collected  over  mercury  or 
by  air  displacement,  since  it  is  so  very  soluble  in  water.  When 
subjected  to  pressure  it  is  liquefied  and  the  liquid  boils  at  —33,5^ 
Its  critical  temperature  is  131°.  The  heat  of  evaporation  of 
the  liquid  is  5700  cal-  for  17  grams.  These  relations  are  especially 
important  because  they  are  the  basis  of  operation  of  most  ice  mak* 
ing  plants,  cold  storage  plants  and  other  commercial  operations  in 
which  refrigeration  forms  a  part. 

If  ammonia  be  subjected  to  sufficient  pressure  and  the  temperature  rise 
cauaed  by  the  eoncentration  and  liquefaction  be  removed  by  pasaini;  the 
through  oondensere  kept  cool  by  flowing  water,  the  liquefied  gas  may  be  coUe 
and  atored  in  cylinders.    These  cylindera  must  l>e  Bufhciently  strong  to  with 
any  pressure  likely  to  be  caused  by  the  rise  of  temperature  of  the  liquid  in  Iran^ 
portation  or  use.    These  pressures  are  at 

-33. 5**  O''  10^  20"  30** 
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If  the  liquid  he  oWowal  to  expand  into  gaseous  fornix  heat  must  be  abeorbed  equat] 
to  that  produced  iu  liquefaction.  If  the  apparatus  be  so  constructed  that 
ooBveraion  to  gaa  takes  place  in  pipes  surrounded  by  brine  the  latter  will 
cooled.  If  brinti  so  cooled  ia  then  pumped  into  pipes  dietributed  about  rooms 
same  effects,  reversed,  will  be  produced,  aa  in  heating  rooms  with  steam 
That  is,  the  room  temperature  will  be  lowered.  By  proper  distributioa  of  i^ 
fiigenition  surface  exT>oded  and  of  the  rate  of  flow  and  temperature  of  the  brine 
any  required  temperature  between  the  cryoscopic  point  of  brine  and  the  oufmdB 
temperature  may  be  maintained.  This  method  of  cooling  rooms  is  in  operatioa 
in  cold  storage  plants  for  preservation  of  meat,  Esh^  eggs,  fruit,  etc.»  in  breweries, 
wine  cellars,  office  buildings,  etc.  If  instead  of  pumping  the  brine  for  room 
cooling  purposes  vessels  of  water  are  immersed  in  it  the  water  may  be  converted 
to  ice.  The  value  of  this  operation  for  the  comfort  and  health  of  tropical  and 
eemi'tropical  residents  can  ecarocly  be  estimated  and  its  efi'ects  on  standards  of 
living  and  commercial  activities  is  wonderful.  To  trace  its  effects  on  health, 
commerce,  cost  of  living,  political  conditions,  etc,,  would  require  vast  research 
and  many  pages,  so  we  forbear.  It  is  to  be  recalled  that  any  other  liquefied  gas 
in  general  may  be  similarly  employed  and  the  reasons  that  ammonia  and  sulfur 
dioxide  occupy  the  field  to  the  almoet  exclusion  of  others  are  the  commercial 
considerations  of  tot^  cost  of  materii&ls  and  manipulation.  For  details  of  msr^ 
chines  and  devices  employed  see  any  standard  work  on  industrial  chemistry. 

I      Liquid  ammonia  ia  in  appearance  similar  to  water.     By  employ- 
ing Dewar  flasks  (g.r.)  the  liquid  may  be  used  instead  of  water 
P — — -*.  for  many  operations.     Franklin  baa  brought 

to  light  many  interesting  reactions  which 
L  take  place  when  liquid  anmionia  is  used  aa 

■  A  a  solvent  and  that  the  ions  it  produces  are 

H  "  different    from   those   produced   by   water. 

I  (See  Jour*  Amer.  Chem,  Soc,  Vol,  27,  p. 

I  n  I  I  192,  820,  and  Amer.  Chem.  Jour.,  20,  820.) 

■  .  Ammonia  does  not  support  combustion  of 

H         J  1 1  I  I    ^  ordinarily  combustible  substances  nor  does 

I  I  it  burn  in  air,  but  if  an  atmosphere  of  pure 

-  ^_  ,1  oxygen  be  provided  as  shown  in  Fig.  72, 

^m^^/  \^^^*^    ammonia  will  burn  with  a  yeUowish  flame, 
y^  ^  forming  water  and  nitrog^  and  small  quan- 

tities of  nitrogen  peroxide.     (See  also  p*  265.) 
Ammonia  unites  with  many  substances  to  form  crystalline  com- 
^     pounds  analogous  with  the  crystalline  hydrates,  which  are  said^ 
B     therefore,  to  contain  ammonia  of  crystallixation.     Examples  are 
~     the  salts  CaCl2(NHa)fl,  CuS04(NH»)i,  etc.     For  this  reason  calcium 
chloride  is  not  suitable  as  a  drying  agent  for  ammonia. 
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Adtiia  unites  hy  addition  with  all  acids,  at  least  if  a  trace  of 
water  is  present,  fanning  salts  known  as  ammonium  salts^  which 
iomie,  furnishing  the  iun  NH*",  which  acts  as  if  it  were  a  metal, 
limoe  the  name  ammonium.  This  hypothetical  metal  has  never 
been  iBolated,  though  when  ammonium  cliloride  b  treated  with 
sodium  amalgam  (the  latter  made  by  dissolving  sodium  in  mercury), 
an  amalgam*Uke  mass  of  unstable  character  is  produced,  which  is 
supposed  to  be  an  amalgam  of  the  radical  NH4: 


HgNa  +  NH4CI  -^  NaCl  +  NH,  ^  Hg. 


I  The  amalgam,  if  formed,  decomposes  rapidly  into  mercury, 
Enonia  and  hydrogen.  Ammonia  reacts  readily  at  high  tern* 
atures  with  certain  metalsi  forming  either  nitrides  by  complete 
displacement  of  the  hydrogen  as,  for  example,  3Mg  +  2NHa  — ► 
MgiNs  +  3Ht,  or  substituted  compounds^  known  as  amides,  as 
Na  +  NHa  — ♦  NaNHi.  Both  the  nitridea  and  amides  are  decom* 
poeed  by  water  (c/.  p.  264).  Ammonia  is  also  decomposed  by  the 
^^alogena,  e.g., 

B  2NHi  +  3CU  -^  N,  +  6HCL 

.  If  an  excess  of  chlorine  be  added  to  a  warm  solution  of  ammonium 
chloride  an  oily  yellow  substance,  nitrogen  trichloride  (NCU)  is 
formed.  It  explodes  violently  upon  the  slightest  provocation  — 
and,  indeed,  apparently  without  provocation,  i.e.,  spontaneously* 
Its  formation  and  decomposition  may  be  simultaneously  demon- 
Btrated  by  the  electrolysis  of  ammonium  chloride.  A  similar, 
though  not  quite  analogous  compound,  is  formed  when  ammonium 

>  chloride  solutions  are  treated  with  iodine.  The  chocolate  brown 
insoluble  substance  is  apparently  NI^,  mixed  with  NHJ  and  NHIf. 
Sonie  prefer  to  regard  it  as  having  the  composition  NjHilj,  i,e., 
NHj  •  NI^.  In  any  case,  it  is  an  extremely  entertaining  substance, 
if  handled  discreetly.  It  is  not  very  unstable  if  damp,  but  if  dry 
explodes  violently  even  under  the  shock  of  a  pulse  of  air  passing 
over  it. 

Anmionia  dissolves  very  readily  in  water,  the  maximum  solu- 

;  biUty  at  0"  being  1298  vol.  to  one.  As  the  temperature  rises  the 
aolubiUty  decreases  until  at  20"  the  solubility  is  about  700  :  L    The 

)  solution,  the  aqua  ammonia  of  commerce,  is  formed  with  evolution 
of  heat  and  expansion  of  volume,  the  specific  gravity  of  the  ordin*  ^ 
"  concentrated  ammonia  "  being  0.90  and  containing  28  per 


Positive  and  Negative  Vaience,  —  A  very  interesting  valence 
relation  manifests  itself  in  h3^droxylamine.  The  hydroxy!  K^oup  is 
ordinarily  negative  and  when  it  combines  with  any  element 
neutralizes  a  positive  valence  of  that  element.  In  hydroxy lamine, 
however,  it  appeare  to  be  a  positive  radical  and  to  neutraUze  the 
negative  valence  of  nitrogen.  This  reaction  has  an  interesting 
bearing  upon  the  electron  theory  of  valence.  (See  L.  W,  Jones^ 
Jour.  Am.  Chem.  Soc,  Vol  36,  p.  1268. 

Nitrogen  trichloride  also  offers  an  interesting  valence  relation. 
If  the  trichloride  is  hydrolyzed  we  get  NCli  +  3H0H  ^  3H0C1 
+  NHa^  This  decomposition  indicates  that  in  the  trichloride 
chlorine  acts  as  a  positive  element.  (For  a  fuller  discussion  of 
this  relation  see  Jour.  Am.  Chem.  Soc,  35,  767.)  J 


Exercises.  —  L  Calculate  the  weight  of  nitric  acid  which  could 
be  produced  from  the  nitrogen  present  over  one  square  meter  of 
the  earth's  surface  when  the  barometer  is  at  760  mm,,  assuming 
the  percentage  by  weight  of  nitrogen  to  be  75.5%  of  the  atmos- 
phere. 

2.  What  is  the  weight  of  a  gram  molecular  volume  of  air  which 
has  21%  oxygen,  78.1%  nitrogen  and  0.9%  argon  by  volume? 

3.  Design  an  apparatus  to  prepare  nitrogen  from  air  by  using 
copper  to  absorb  the  oxygen.  If  iron  were  to  be  used  instead  of 
copper,  what  prehminary  treatment  of  the  air  would  be  necessary? 
Why? 

4.  Explain  in  detail  why  nitrogen  should  show  chemical  ac- 
tivity at  high  temperatures  if  it«  inactivity  at  ordinary  tempera- 
tures is  due  to  its  molecular  stability. 

5.  The  products  of  the  distillation  of  coal  are  gases^  water, 
tar,  and  ooke.  Can  you  explain  why  the  first  distillation  gives 
a  '*  crude  sulfate  '7 

6.  Explain  what  is  meant  by  nascent  hydrogen  (p.  263). 
Why  is  it  more  effective  than  would  be  a  stream  of  gaseous 
hydrogen? 

7*  What  is  the  ratio  of  initial  to  final  volume  in  the  decomposi- 
tion of  ammonia  by  sparking  if  the  dissociation  is  94%?  How  will 
increase  of  pressure  affect  the  point  of  equiUbrium? 

8*   What  is  the  weight  of  auunonia  in  a  liter  of  aqua  ammonia 
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of  specific  gravity  0.90?  Express  the  concentration  in  terms  of 
normal  solution.  What  is  the  ratio  of  the  weight  of  water  to 
ammonia? 

9.  If  on  conversion  of  1  gram  of  liquid  ammonia  at  0^  to  gas 
at  0^,  294  calories  of  heat  are  absorbed,  what  quantity  must 
T^Kirise  to  freeze  1  kilogram  of  water  at  0^?  Of  sulfur  dioxide 
with  absorption  of  91  calories  per  gram?  Of  chlorine  with  ab- 
sorption of  67  calories  per  gram?  If  the  costs  of  the  liquid  are 
in  the  ratio  3:2:1,  which  is  the  cheapest  raw  material  for  ice 
manufacture? 

10.  If  ammonium  chloride  dissociates  when  heated,  NH4CI 
T±  NHt  +  HCl,  can  you  suggest  any  means  by  which  ammonimn 
ddoride  could  have  its  molecular  weight  determined? 


CHAPTER  XV 
THE  ATMOSPHERE  AITO  THE  ARGON  FAMH-Y 

The  gaseous  envelope  of  the  earth  is  called  the  atmosphe 
(dr^os  =  vapor,  aixupa  =  Bphere).     It  or  any  portion  of  it  is  con 
monly  called  the  air  (amp  —  to  breathe).     It  was  one  of  the  elemeoti 
of  Aristotle  and  in  spite  of  the  demonstration  by  many  investig 
tors  of  the  existence  of  varieties  of  air-like  substances  such 
infiamrnable  airj  hydrogen,  fixed  air,  carbon  dioxide,  and  despifa 
the  observation  of  Boyle  that  '*  perhaps  there  is  scarcely  a  mor 
heterogeneous  body  in  the  world,"  it  continued  to  be  regarded 
an  eleinent  until  the  discovery  of  oxygen  by  Priestley,  and 
demonstration  of  its  relation  to  the  air  by  Lavoisier. 

Essential  Factors. —  The  various  factors,  many  in  numberj 
which  go  to  make  up  the  whole  may,  for  the  convenience  of 
present  discussion,  be  divided  into  two  groups:    essential*  that 
to  life,  and  non-essential.    Oxygen  and  nitrogen  and  their 
tial   relation   to  Uving  organisms   have  been  already  diBCUSsed!^* 
The  constancy  of  the  relative  amounts  of  these  factors  is  very 
interesting  in  view  of  the  fact  that  there  are  so  many  means  of 
removal,  such  as  decay,  combustion,  animal   respiration,  oxida^ 
tion   of   metals,   etc.    The   compensating  factors   are   discussed 
below.    That  the  relative  quantities  are  constant  is  shown  by  the 
fact  that  the  mean  value  of  a  series  of  very  accurate  analyses, 
165  in  number,  made  at  Paris,  Cape  Horn  and  Cleveland,  Ohio, 
show  a  mean  value  of  20,94%  oxygen,  while  the"  maximum  val-j 
ues  were  20*999%  and  the  minimum  20.72%.     Considering  thfl 
unavoidable  experimental  errors,  this  indicates  practical,  though 
not  quite  absolute,  constancy*    The   corresponding  quantity  of 
nitrogen  is  78.05%  by  volume.     The  weight  relations  are  23.16% 

^      of  oxygen  and  75.52%  of  nitrogen.    These  figures,  of  course,  refe 

H      to  dry  air. 

H  Water  vapor  is,  of  course,  an  essential  factor  of  the  mrj  bi 

H     ie  present  in  quantities  which  vary  from   hour  to  hour     Tl 
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Quaatity  19  iacRMMcd  by  evaporation  from  wat^^r  and  moist  sur^ 
ftces,  by  the  exhaUitioD  of  moiBture  from  the  ImveB  of  trees  and 
bjf  the  rapiimlofy  procceses  of  animals*     It  is  docreaj^ed  by  low* 
mng  of  temperature  and  consequent  precipitation  in  the  form 
of  dew,  rain  and  fog.     In  regions  of  fairly  froc^uent  rainfall,  the 
amount  preaent  averages  about  two-thirds  the  vapor  tension  of 
water  for  the  temperature.    The  range  is  very  great.    Two  popu- 
lar QiisunderstaQdings  may  here  be  mentioned.    When  the  atmos- 
phere haa  a  humidity  of  100%,  i.e.,  when  the  vapor  proBsure  of 
moiftme  ooirrespoEids  to  the  vapor  tension  of  water  at  the  same 
leoiperature,  and  when  any  lowering  of  the  temperature  must 
erase   precipitation,   the   air  is  said   to   be   ''  saturated "    with 
moisture.     It  should  be  remembered  that  the  presence  or  absence 
of  the  other  factors  of  air  in   nowise  affect  the  situation.    The 
amount  present  depends  solely  upon  the  relation  between  water 
and   its  vapor.    The  expression   **  a   heavy  atmosphere "  when 
the  humidity  is  high  is  peculiarly  inapt,  since  it  follows  from 
Avogadro*8    principle    that    atmosphere    composed    partially    of 
water  moleciUes  weighing  18  must  be  hghter  than  that  made  up 
wholly  of  molecules  of  nitrogen  and  oxygen  whose  mean  weight, 
considering  relative  volumes,  is  28.955.    This  is  also  in  harmony 
with    the    low    barometer,    which    invariably    accompanies    high 
humidity.     The    feeling    of    lassitude    which    accompanies    high 
humidity  is  undoubtedly  to  be  attributed  partially  to  the  lower 
percentage  of  oxygen  in  moist  air,  and  partially  to  the  low  rate 
of  body  evaporation  under  the  same  circumstances. 

Carbon  dioxide,  though  present  in  relatively  small  quantities 
in  the  air,  must  be  considered  an  essential  fact^^r,  since  all  plant 
ife,  and  hence  indirectly  animal  life^  depends  upon  it.     The  planta 
nsume  carbon  dioxide  and  liberate  oxygen,  thus  maintaining 
le  supply  of  the  latter: 

XH2O  +  XCO2  -^  (CHaO),  +  XOa. 

The  reaction  indicated  takes  place  only  in  the  presence  of  the 

chlorophyll  of  plants  under  the  influence  of  the  sunlight.  Most 
of  the  operations  which  deplete  the  ox>^gen  supply  furnish  carbon 
dioxide  and  water,  and  so  the  greatest  equilibrium  reaction  in 
nature  is  kept  in  a  fairly  constant  balance.  The  quantity  of 
carbon  dioxide  ordinarily  is  0.04%  by  weight  and  0.03%,  or  3  parts 
per  ten  thousand,  by  volume;  and  by  diffusion,  wind  movements, 
etc.,  is  kept  wonderfully  constant     Of  course,  locaEy,  as  in  in- 
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habited  rooms,  or  In  cities  during  foggy,  or  otherwise  quiet  weather 
conditions,  the  proportion  may  rise  to  7  or  9  ^arte  t-o  10,000  and 
in  rooms  very  badly  ventilated,  even  to  the  point  where  dis- 
comfort may  ensue,  due  to  lack  of  oxygen.  Usually,  however, 
the  discomfort  due  to  lack  of  ventilation  is  caused  by  other  sub- 
stances exhaled,  and  by  the  increased  humidity  of  the  air.  It  haa 
been  shown  that  even  400  or  more  part^  per  10,000  may  be 
inhaled  without  discomfort  if  the  carbon  dioxide  is   pure. 

Carbon  dioxide  is  being  continually  converted  into  soluble 
compounds  by  reaction  with  siHcat^  rocks  to  form  soils  (g.r.)  and 
these  soluble  compounds,  mostly  sodium  and  potassium  carbon- 
ates, eventually  find  their  way  to  the  sea  and  are  there  con- 
verted to  calcium  and  magnesium  carbonates^  which  are  insoluble. 
This  reaction  probably  is  very  slowly  depleting  the  available 
supply  of  carbon  dioxide. 

Non-esBential  FaetoTB* — ^Air  usually  contains  small  quan- 
tities of  a  large  variety  of  substances  of  which  the  most  important 
in  quantity  are  the  members  of  the  argon  family  of  elements 
{mde  infra).  Of  the  others  perhaps  the  most  important  is  duat. 
This  varies  both  in  quantity  and  character,  according  to  the 
locality,  but  is  never  wholly  absent.  The  number  of  particles 
ranges  from  32,000,  under  most  favorable  conditions,  to  many 
millions  per  cubic  centimeter.  These  suspended  particles  consist 
of  portions  of  soil  carried  into  the  air  by  winds,  the  constant  out- 
put of  volcanic  activity,  the  spores  of  fungi,  bacteria,  coal  dust, 
ashes,  coal  smoke,  etc.  The  organic  particles  give  rise  to  the 
Bo-called  **  spontaneous  fermentation  "  of  exposed  fruit  juices, 
to  air-bome  diseases,  to  infection  of  exposed  wounds,  etc.  It 
is  probable  that  to  dust  we  owe  the  blue  color  of  the  sky*  It  is 
also  probable  that  were  no  dust  particles  present  in  the  air  for- 
mation of  rain  drops  would  be  impossible,  since  particles  of  some 
8ort  are  required  as  nuclei  about  which  drops  may  form.  (See 
Dust,  Enc.  Brit)  ■ 

Hydrogen  is  present  in  air  to  the  extent  of  about  1  part  per" 
100,000.  In  cities,  especiaUy,  there  are  still  smaller  amounts  of 
hydrocarbons^  which  are  probably  produced  by  imperfect  coal 
combustion.  The  presence  of  unusual  quantities  of  these  sub- 
stances accounts  for  the  ill  health  of  city  vegetation,  since  the 
stomata  of  leaves  have  their  respiratory  functions  interfered  with 
by  deposits  of  such  materials.     Oxides  of  m'trogeu,  and  conge- 
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Dtly  nitric  acid;  ammonia  and  consequently  ammonium 
&te  aire  also  present  in  small  amounts.  These  being  soluble 
water  are  continuously  removed  and  doubtless  are  a  factor  in 
uA  lertiUty.  The  combined  nitrogen  so  returned  to  the  soil  per 
jpear  has  been  estimated  to  amount  to  as  much  as  six  pounds  per  acre. 
Both  ozone  and  hydrogen  peroxide  are  formed  in  the  air  by 
dectrical  disturbances  and  the  latter  may  be  a  constant,  thougli 
itsry  small,  factor.  No  adequate  evidence  of  the  continuous 
exiBteiice  of  the  former  is  at  hand,  the  health  resort  advertise- 
ments to  the  contrary  notwithstanding.  Of  course,  in  local  con- 
dtUons  various  other  substances  may  occur.  Thus  air  near  the 
sea  mayt  especially  in  stormy  seasons,  carry  mechanically  con- 
siderable quantities  of  salt.  The  neighborhood  of  factories  may 
contain  various  gases  or  finely  divided  solid  outputs  of  the  same* 
These,  as  in  the  case  of  sulfur  dioxide,  cement  dust,  hydrochloric 
jicid^  etc.,  may  become  at  times  the  subject  of  ver>^  perplexing 
and  bitter  legal  controversies. 


I 


Tra:  Argon  Family 

The  most  interesting,  though  perhaps  least  important,  of  the 

r  air  factors  are  collectively  known  as  the  argon   family. 

icir  interest  from  the  scientific  point  of  view  and  their  prop- 

srties  may  as  well  be  presented   through  the  story  of  their  dis- 

loovery.     In    the   years    1893-1895,    Lord    Rayleigh,    an    English 

^physicist,  discovered  that  nitrogen  obtained  from  the  air  in  as 

fure  a  state  as  possible,  by  removal  of  moisture,  dust,  oxygen, 

tc.»  weighed,   under  standard  conditions,    L2572  g.,   while  that, 

repared  from  anunonium  nitrite  and  other  substances  through 

decomposition  by  heating,  weighed  but  1:2505  g.  per  liter.     The 

actual    corrected   weights   used   were  0.14332  g.    for   ''nitrogen*' 

from  the  air  and  0.1425b  g.  for  *' artificial  *'    nitrogen  and  this 

difference,  slight  as  it  was,  being  greater  than  was  to  be  accounted 

for  by  the  errors  of  the  experiment,  led  to  the  isolation  of  a  whole 

faiaily  of  elements.     Hence  this  discovery  is  called  the  '*  Triumph 

of  the  fourth  decimal   place/'     With  the  assistance  of  WiUiam 

Ramsay,  the  cause  of  this  difference  was  ascertained  te  be  the 

presence  in  the  air  of  a  gas  which  is  slightly  heavier  than  nitrogen. 

It  was  freed  from  nitrogen  by  passing  the  mixture  over  heated 

magnesium,  or,  better  still,  calcium,  with  which  nitrogen  unites, 

leaving  a  residue  of  gas,  which  is  wholly  inert  chemically  and 
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caonot  be  induced  to  enter  into  combination  by  any  known  means. 
Hence  it  was  called  argon  {apyos  —  idle^  lazy).  It  is  interesting! 
to  note  that  in  1785  Cavendish  had  observed  that  when  nitrogen 
is  sparked  with  oxygen  and  the  resulting  oxide  dissolved  in  alkalies 
there  remains  a  residue  incapable  of  combination.  However^ 
this  observation  was  not  fruitfuL 

During  the  years  in  which  Ramsay  was  pursuing  the  investi- 
gation of  argon,  Fiquid  air  (pide  infra)  became  available,  and  the 
fractional  evaporation  of  liquid  air  was  found  to  be  a  convenient 
method  of  obtaining  the  gas.  Wlien  liquid  air  is  allowed  to  evapo- 
rate the  last  portions  are  rich  in  argon  and  also,  as  Ramsay  found, 
this  residue  contained  small  quantities  of  two  other  gases^  like- 
wise chemically  inert  and  called  krypton  (Kpvwros  =  hidden)  and 
xenon  (fiws  =  stranger). 

In  his  search  for  other  sources  of  these  gases  Ramsay  was  led 
to  investigate  gases  which  were  evolved  from  certain  mineralsi  ^ 
notably  cleveite,  when  dissolved  in  acids  and  which  by  reason  of  I 
chemical  inactivity  were  supposed  to  be  nitrogen.  The  quantities 
of  gas  so  obtained  were  small  and  a  convenient  method  of  examina- 
tions was  by  means  of  the  spectroscope  (q.v.).  Instead  of  showing 
the  characteristic  hnes  of  either  nitrogen  or  argon  only^  these  gases 
revealed  a  spectrum  similar  to  certain  linas  in  the  spectrum  of  the 
sun's  photosphere,  which  had  been  observed  by  Janssen  and  by 
Lockyer  and  regarded  as  evidence  of  a  solar  element  which  it  was 
proposed  to  call  helium  (rjXi6s  -  sun).  Later  Ramsay  was  able 
to  isolate  this  gas  by  collection  of  the  first  fraction  of  liquid  air  and 
hence  prove  its  presence  in  the  air. 

These  gases,  argon,  helium,  krypton  and  xenon,  were  all  inert 
and  evidently,  therefore,  chemically  similar.  Their  molecular 
weights  were  respectively  helium  =  4j  argon  —  39,9;  loypton  = 
82,93;  xenon  =  130.2.  As  we  shall  shortly  see,  they  being  mon- 
atomic,  have  also  the  same  atomic  weights  and  e\idently  constitute 
a  family  of  the  periodic  system  and  indeed  form  a  transition  group 
between  the  acid  forming  and  base  forming  elements.  It  will  bo 
noted  that  so  far  we  have  made  no  mention  of  the  element  which 
should  occupy  the  space  before  sodium.  This  vacant  pew,  '^soi 
disant/'  was  noted  by  Ramsay  and,  after  a  thrilling  search  through 
earth,  waters  and  stars,  was  filled  by  the  isolation  from  the  air  of 
a  gas  having  the  required  properties  and  whimsically  named  neon 
(y€os  =  new),  the  baby  as  it  were,  (See  Ramsay  and  Travere, 
.News,  vol.  I 
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A  table  of  the  known  properties  of  this  family,  sometimes  called 
the  Noble  Gases^  presumably  because  useless,  sometimes  the  Bach- 
elor Group,  perhaps  for  a  hke  reason,  is  appended. 


Hdium. 

Neon, 

*Afion. 

KryiKoD' 

XSDOQ. 

NUoB. 

Quaolity  per  1000  by 
volume  in  the  air. . . , 

MoteoiilAr  and  atonuc 
weight .,♦...,... 

0.0014 

3,39 

-267* 
-27r 

0  015 

20.2 

-233" 

-253*^ 

9  37 

39.88 

-186° 

-188" 

0.00005 

82.92 

-152"* 

-159** 

0.000006 

130.22 

-109'* 
-140^ 

222  5 

Boiling  point  *.,,.,..,. 

--154'* 

Melting  point 

It  will  be  noted  that  mention  is  made  in  the  table  of  niton. 
This  substance,  which,  along  with  helium,  is  one  of  the  products 
of  the  decomposition  of  radium  (q^v,),  is  like  the  other  gases  of  the 
argon  family  in  physical  and  chemical  behavior,  so  far  as  has 
been  determined.  It  has  been  investigated  by  Rutherford  (for- 
merly of  McGill  University).  Further  mention  of  it  will  be  made 
when  radio  activity  is  discussed. 

Attention  should  also  be  specially  called  to  the  boiling  point  of 
helium^  which  is  about  5°  absolute.  The  liquefaction  of  this  gas  by 
Onnes  of  Leyden  in  1908  closed  a  chapter  of  events  begun  by  Fara- 
day in  1823  by  the  liquefaction  of  chlorine.  All  gases  have  now 
been  liquefied  and  it  is  impossible  to  draw  any  sharp  dividing  line 
between  the  three  states  of  matter,  gaseous,  liquid  and  solid. 
Theoretically  all  substances  may  exist  in  any  one  of  the  three, 
depending  upon  their  temperature,  pressure  and  individual  charac- 
T.     Helium  has  recently  solidified  at  a  temperature  estimated  at 

>ut  2°  absolute. 


I 


■ter. 
■iboi 


The  Atomic  Weights  of  the  Noble  Gases*  —  The  observant 
reader  will  have  noted  that  in  our  discussion  of  atomic  [weights 
we  considered  as  the  final  criterion  of  the  value  **  the  smallest 
amount  of  an  element  appearing  in  the  gram  molecular  weight  of 
any  of  its  volatile  compounds  "  (p.  103),  and  the  question  very 
naturally  arises  as  to  how  the  atomic  weight  may  be  determined 
when  there  are  no  compounds.  The  query  is  briefly  answered  as 
follows: 

When  gases  are  heated  the  specific  heat,  Le,^  the  heat  required 
to  raise  a  unit  weight  one  degree  centigrade,  is  not  the  same  if 
the  volume  is  allowed  to  iocreaae  as  per  Charles'  laW|  as  it  ia  i{ 
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the  volume  is  kept  constant  and  the  pressure  allowed  to  increase. 
The  ratio  of  these  two  specific  heats,  called  specific  heat  at  con- 
stant pressure  Cp  and  at  constant  volume  Cv  is  practically  the 

C 
same  for  all  diatomic  gases.    Thus  -f  —  1.41  for  hydrogen  (Hj); 


^ 


W 

N 


C, 


.1.41  for  nitrogen  (Nt);    1*40  for  oxygen  (Oi);    1.39  for  hydrogen 

chloride.     For  polyatomic  gases  it  is  a  still  smaller  value^  thus  for 

carbon  dioxide  (CO2)  it  is  1.31;    for  ammonia   (NHi)  1.30  j    for 

alcohol  (C2H6OH)  1,13,  etc.     For  gases  known  to  be  monatomic, 

i.e.,  for  gases  whose  molecular  weight  and  atomic  weight  are  the 

same^  this  value  is  greater  than  L4,  for  example,  mercury  with  an 

C 
atomic  and  molecular  weight  of  200  the  ratio  -pf  —  1.67.    The 

simplest  explanation  of  the  greater  absorption  of  heat  by  gases  of 
greater  complexity  when  their  specific  heat  is  determined  under 
constant  pressure  is  that  some  heat  goes  to  increase  the  internal 
motion  of  the  molecules,  ie.,  to  increase  the  intra  rather  than  the 
inter  molecular  motion.  It  is  obvious  that  if  molecules  are  mon-  m 
atomic  no  such  intramolecular  motion  is  possible.  Since,  then,  ™ 
the  *'  noble  gases  "  have  a  ratio  of  specific  heats  of  the  value  ap- 

C 

proximating  that  of  mercury,  for  example  -f  for  argon  =  1.66,  the 

deduction  is  that  argon  and  its  fellows  are  monatomic.  It  is  ap-  ■ 
parent  that  the  .reasoning  is  not  conclusive,  since  if  the  atoms  com- 
posing molecules  are  so  closely  cohesive  as  to  resist  the  tendency  of 
heat  to  change  their  respective  motions  no  such  absorption  of  en- 
ergy would  be  evidenced.  However,  in  the  absence  of  any  evidence 
to  the  contrar>%  we  may  properly  assume  these  gases  to  be,  like  the 
vapor  of  mercury,  zinc,  and  of  many  other  elements  at  very  high 
temperatures,  monatomic.     (See  also  Mellor,  p.  564  and  836.) 

Liquid  Air.  —  When  gases  are  highly  compressed  they  fail  to  " 
behave  in  accord  with  the  generalization  known  as  Boyle^s  Law. 
This  is  partially  accounted  for  on  the  assumption  that  as  the  mole- 
cules approach  more  closely  cohesion  between  the  molecules  begins 
to  be  exerted  to  an  appreciable  extent.  Thus,  as  was  shown  hym 
Andrews  in  1869,  carbon  dioxide  contracts  more  rapidly  than  in 
accord  with  Boyle's  Law  and  when  a  certain  pressure  is  reached 
the  gas  begins  to  liquefy  and  any  further  attempt  to  increase  the 
pre,H8ure  only  results  in  the  liquefaction  of  more  gas  until  all  i8 
I'^'Mefied.    AtO°  the  pressure  required  is  but  35.4  atmospheres  for 
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carbon  dioxide.  As  the  temperature  rises  the  pressure  required 
to  produce  liquefaction  increases,  until  for  carbon  dioxide  at  30° 
C.  the  pressure  required  is  about  70  atmospheres.  Above  31^ 
however,  no  pressurei  however  great,  appears  to  be  sufficient  to 
produce  liquefaction.  What  occurs  with  carbon  dioxide  also  oc- 
curs with  all  other  gases  at  varying  pressures  and  temperatures. 

The  maxiraum  temperature  at  which  pressure  alone  is  sufficient 
to  convert  a  gas  to  the  liquid  state  is  known  as  the  critical  tempera- 
ture and  the  table  below  gives  in  column  I  this  value  for  a  few  of 
the  more  common  gases  and  volatile  liquids.  The  value  of  the 
pressure  required  to  liquefy  a  gas  at  such  a  temperature  is  known  as 
the  critical  pressure,  and  is  given  in  column  IL  It  will  be  observed, 
then^  that  any  gas,  the  critical  temperature  of  which  is  above  any 
readily  obtained  temperature,  may  be  liquefied  by  pressure  alone. 
In  ISOS-Od,  Northmore,  professor  of  botany  in  Edinburgh,  com- 
pfCBBed  chlorine,  hydrochloric  acid  and  sulfur  dioxide  into  the  liquid 
etate.  No  developments  followed,  and  real  progress  dates  from 
1823,  when  Faraday  (Phil.  Trans.  113,  p.  18^198}  conducted  the 
first  systefnaiic  experiments  which  had  as  a  result  the  development 
of  the  fiubject.  He  liquefied  chlorine  by  warming  chlorine  hydrate 
in  a  sealed  bent  tube,  one  end  of  which  was  immersed  in  ice  and  salt. 
Using  the  same  method,  he  and  Davy  liquefied  a  number  of  gases 
and  were  unable  to  liquefy  a  number  of  others,  in  1845  he  again 
published  a  paper  (Phil.  Trans.  135,  p.  155;  see  also  Alembic  Club 
Reprints,  No.  12),  in  which  he  showed  that  by  decrease  of  tempera- 
ture and  increase  of  pressure  a  long  list  of  gases  could  be  liquefied. 
A  certain  number  not  Hquefiahle  under  his  conditions  were  called 
permanent  gases.  These  were  oxygen,  hydrogen,  nitrogen,  nitric 
oxide,  carbon  monoxide  and  methane.  (It  is  not  to  be  supposed 
that  during  this  interval  no  others  were  interested  or  that  no  others 
made  progress.  A  full  account  of  gas  liquefaction  is  furnished 
by  Hardin,  Liquefaction  of  Gases,  and  by  Travers,  Study  of 
Gases.) 

After  Andrews'  v/ork  r.bove  mentioned  (p.  278)  it  was  obvious 
that  all  gases  could  be  liquefied  if  only  the  temperature  be  sufficiently 
lowered,  that  is,  in  terms  of  the  kinetic  hypothesis,  if  the  rate  of 
motion  of  the  molecules  be  decreased  to  a  point  when  cohesion  could 
be  effective.  Hence,  due  to  the  efforts  of  a  number  of  investiga- 
tors, the  subject  was  developed  both  from  the  theoretical  and 
practical  standpoint  until  in  1877  Cailletet,  in  France,  and  Pictet, 
in  Switzerland,  independently  liquefied  oxygen.     (CaiUetet  was  az» 
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iron  maater,  Pictet  a  manufacturer  of  ice-making  machines.)     The 
principle  used  to  secure  the  low  temperatures  required  for  lique- 
faction at  reasonable  pressures  depends  upon  what  is  known  as  th© 
**  Joule-Thompson  effect  "  of  the  expansion  of  gases  from  a  higher 
to  a  lower  pressure.     In  general,  this  results  in  a  lowering  of  the 
temperature  (for  full  discussion  the  student  is  referred  to  texts 
on  Physical  Chemistry  and  for  a  brief  discussion  to  Mellor's  In- 
organic Chemistry*  p.  124).     By  this  means,  Le.j  compressing  the 
gases  strongly,  at  low  temperatures,  allowing 
the  heat  so  produced  to  escape  and  then  per- 
mitting expansion  of  the  gas   with  conse- 
quent lowering  of  the  temperature,  one  gas 
after  another   was   liquefied  until  air  was 
liquefied  in  1878.     By  1884,  Wroblewski  and 
Olszewski   were  able   to   improve   the   ap- 
paratus required  so  that  they  were  able  to 
announce    the    physical 
properties  of  liquid   air, 
nitrogen,  oxygen,  carbon 
monoxide  and   methane. 
In    1893,    Dewar    de- 
vised an  apparatus  which 
served  as  a  suitable  stor- 
age  reservoir   for   liquid 
rvx  yy     gases.     This    apparatus, 

Vs^    ^.x^      known  as  the  Dewar  Bulb, 
^^  f""^  consists  of  a  double-walled 

k  ^  glass  vessel  (see  Fig.  73) 

p        Fra.  7a  ^j^j^   ^j^^    g^jj,    exhausted 

from  between  the  walls,  and,  frequently,  the  inner  wall  "silvered  " 
to  diminish  absorption  of  heat.  The^e  ve^els  arc  now  a  common 
equipment  of  automobihsts  and  picnic  parties  and  are  known  as 
**  thermos"  bottles.  J 

Subsequent  improvements  of  the  machinery  for  the  process  by  ■ 
Linde,  Tripler  and  Hampson  (see  Fig.  74)  have  made  liquid  air  a 
fairly  cheap  commodity  of  very  great  use  in  scientific  advance  and^ 
about  1898  to  1900,  the  object  of  enthusiastic  prophecy  concerning 
its  uses  as  a  refrigerant,  motive  power  and  explosive.     (See  Sci. 
Am,,  Sup.  Vol.  48.)     These  prophecies  have  not  yet  been  ful- 
fiUec 


ExereiBes.  —  1.  Is  the  composition  of  the  air»  ho  far  as  the  two 
principal  components  are  concerned,  correctly  represented  by  the 
formula  N4O?    Give  detailed  reasons  for  your  answer. 

2.  Given  a  quantity  of  air,  detail  how  each  of  its  coraponents 
raay  be  isolated.     Give  reasons  for  considering  air  a  mixture. 

3.  A  sample  of  moist  air  confined  over  water  at  20**  C.  and 
at  760  mm.  has  a  volume  of  20  cc.  If  when  mixed  with  25  cc. 
of  hydrogen  at  the  same  temperature  and  pressure  and  exploded 
there  results  a  total  volume  contraction  of  12,3  cc,  what  is  the 
percentage  of  oxygen  by  volume?  What  is  the  volume  this 
oxygen  would  occupy  when  dry  at  O*'  and  760  nun.? 

4.  If  all  the  oxygen  in  the  air  were  by  union  with  carbon 
converted  to  carbon  dioxide,  what  would  be  the  percentage  by 

^yolume  of  the  latter? 

5*  Calculate  the  quantity,  in  liters^  of  the  water  in  the  form 
vapor  in  a  room  20  X  20  X  10  meters,  if  the  humidity  is  6G% 
20**  C.  How  many  liters  of  liquid  would  precipitate  if  the 
were  cooled  to  {f  C.?  , 

fi.   What  is  the  partial  presdure  of  oxygen  in   *' saturated 


air  (humidity  100%)  at  760  mm*  and  0**  C,  and  how  much  oxygen 
would  dissolve  in  100  cc.  of  water  in  contact  with  such  air? 

7,  The  specific  gravity  of   liquid  oxygen   being   L13,   what 
would  be  the  depth  of  the  liquid  oxygen  layer  formed  on  the  earth 
were  the  whole  quantity  present  in  the  air  at  normal  pressure  to  . 
be  liquefied?  ■ 

8,  If  a  person  exhales  20  liters  of  carbon  dioxide  per  hour^ 
how  long  would  it  take  him  to  raise  the  carbon-dioxide  content 
of  a  room,  4X4X3  meters,  to  0.07%,  provided  no  outside  BxrM 
were  admitted?  ■ 

9,  The  specific  gravity  of  carbon  dioxide  is  1.5.     Why  does 
it  fail  to  collect  at  the  bottom  of  a  badly  ventilated  room? 

10*   What  volume  of  dry  air  would  have  to  be  liquefied  in  order 
to  have  in  the  liquid  one  liter  of  liquid  inert  gases,  calculated 


CHAPTER  XVI 

NITRIC  ACID  AKD  OTHER  COMPOUHDS  OF 

NITROGEN 

Ocewrrewtce.  —  Nitric  acid,  as  such,  does  not  occur  free  in 
nature  except  as  evanescently  produced  by  electrical  discharges 
and  the  subsequent  reaction  of  the  oxide  with  atmospheric  mois- 
ture. Its  salts  are  abundant  and  of  wide  distribution.  There 
are  great  beds  of  sodium  nitrate,  NaNOa,  especially  notable  being 
that  in  northern  Chile,  which  are  said  to  cover  an  area  of  upward^ 
of  150,000  square  mile^  and  are  from  one  to  ten  feet  thick.  They 
consist  of  from  5  to  50%  pure  nitrate,  which  is  hence  called  Chile 
saltpeter.'  Such  beds  can  exist,  of  course,  in  only  a  practically 
rainless  region. 

When  organic  nitrogenous  compounds  decay  in  the  presence 
of  calcium  compounds  a  part  of  the  organic  nitrogen  is  converted, 
probably  by  bacterial  agency,  into  calcium  nitrate.  In  the  pres- 
ence of  potassium  salts,  this  is  converted  into  the  somewhat  less 
soluble  pwtassium  nitrate.  Nitrates  are  thus  present  in  varying 
quantities  in  all  soils.  In  hot  and  dry  countries  this  operation 
results  in  the  formation  of  considerable  quantities  of  nitrates; 
Which  are  found  as  efflorescent  powders  wherever  sewage  or  other 
refuse  is  deposited.  When  soil  so  impregnated  with  nitrates  is 
leached  with  water  and  treated  with  the  extract  of  wood  ashes, 
KfCOi,  the  calcium  or  other  nitrates  are  changed  thus: 

Ca(NO,},  +  KiCOi  -^  2KN0,  +  CaCOt. 

The  calcium  carbonate  is  insoluble,  and  the  filtrate  may  be  con- 
centrated to  crystallization,  and  the  crude  saltpeter,  sometimes 
known  as  Bengal  saltpeter,  may  be  purified  by  recrystallization. 
Formerly  in  certain  part^  of  Europe  artificial  beds  of  lime  and 
manure  were  prepared  and  leached  for  the  preparation  of  nitrate, 
easential  for  the  manufacture  of  gunpowder.  These  were  known 
as  niter  farms  or  plantations.  With  the  introduction  of  the  EsLst 
hidia  supply,  they  were  found  unprofitable.    At  the  present  tiiZLQ 
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This  method,  in  turn,  promises  to  give  way  i<o  the  previouely 
mentioned  (p.  260)  method  of  preparing  nitrates  from  the  nitrogen 
of  the  air. 

Nitrates  are  present  in  most  surface  waters^  their  origin  being 
partly  due  to  soil  leaching  and  partly  to  absorption  of  ammonium 
nitrate  from  the  air.  Ordinarily  the  quantity  is  but  fractional 
parts  per  million  unless  with  the  addition  of  that  derived  from 
decaying  animal  matter.  The  quantity  of  nitrates  ib  water  is  an 
indication  of  its  sanitary  condition.  ■ 


History,  —  Nitric  acid  was  certfunly  known  in  most  ancient 
times  and  the  date  of  its  discovery  is  unknown,  but  it  was  La- 
voisier (1776)  who  recognized  its  constituents  and  Gay-Lussac 
(1816)  who,  considering  it  as  an  anhydride,  showed  its  compo- 
sition to  be  expressed  by  the  formula  H^O  •  NjOs.  Since  the 
demonstration  by  Graham,  1833,  of  the  relation  between  water 
and  anhydrides  (see  phosphoric  acids)  it  has  been  usual  to  repre- 
sent it  by  the  formula  HNO^. 


2NaN05  +  HaS04  -^  Na,SOi  +  2HN0,. 


fFreparation,  —  L  Nitric  acid  is  usually  prepared 
saltpeter  by  distillation  with  sulfuric  acid, 
80 
uc 
ni 
mi 


from  Chile 


If  the  dry  salt  and  acid  are  used,  the  pure  acid  obtained  decomposes 
somewhat  and  the  distillate  is  highly  colored  by  the  dissolved  prod- 
uct of  its  decomposition,  nitrogen  peroxide.  Of  course,  if  crude 
nit-er  is  used  the  distillate  will  be  correspondingly  impure.  It 
may  be  purified  by  redistillation  with  sulfuric  acid,  and  the  nitro- 
gen peroxide  may  be  removed  by  passing  a  current  of  air,  or  eajr- 
bon  dioxide,  through  the  liquid.  In  this  manner  a  nearly  pure 
nitric  acid  may  be  had.  The  ordinary  concentrated  nitric  acid  is, 
however,  purposely  prepared  by  using  diluted  sulfuric  acid  so  that 
the  distillate  may  contain  about  32  per  cent  water  and  have  a 
specific  gravity  of  1.42,  since  solutions  of  greater  concentration,  as 
well  as  the  pure  acid,  are  unpleasantly  unstable. 
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2.  Nitric  acid  may  also  be  made  by  the  solution  of  nitrogen 
peromde  in  water, 

3N0»  +  HjO  -^  2HN08  +  NO. 

With  the  success  of  the  Birkeland-Eyde  process  (g-t^),  thia  method 

may    eventually    replace 

the    method    previously 

mentioned.     (See   Fig. 

75.) 

3.  Nitric  acid  is  also 
produced  when  ammonia 
is  burned  in  oxygen  and 
platinum  is  used  as  cata- 
lyEcr  icf.  p.  265). 


I 


\ 


Cm  m^  A^  G^H^t 


S  P9k^ 


Properiien,  —  Nitric 
add  is  a  liquid  at  ordinary 
temperatures  with  a  boil- 
ing |K>int  of  86"^  and  spe- 
cific gravity  of  1.56  at  0" 
C,  It  is  very  hygroscopic 
and  fumes  strongly  in  the 
air*  If  distilled  it  par- 
tially breaks  down  into  J  'i  a^*^4.^J^ 
water,  oxygen  and  nitro- 
gen peroxide.  2HN0j— * 
H,0  +  2N0i  +  O.  The 
water  remains  in  the  res- 
idual acid  until,  with  rise  of  the  boiling  point,  at  120.5**,  a  mixture 

distills  with  but  little  decompo- 
sition. The  distillate  has  a  spe- 
cific gravity  of  L414  at  15**  C.  and 
an  acid  concentration  of  68  per 
cent.  More  dilute  solutions  when 
boiled  lose  water  until  the  same 
concentration  is  reached.  The 
pure  acid  freezes  at  approximately 
—  55°  Cf  and  with  addition  of 
water  the  freezing  point  falls  until 
a  cryohydric  point  is  reached, 
(See  Fig,  76,)     Further  addition 


Fia.  76, 


Fko.  76. 


water  causes  a  rise  in  the  freezing  point  to  —38°,  when  cr^^tals 
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ha\Hng  the  composition  HNOj-HfO,  or  HiNO*,  form.  At  —18.2^ 
another  crystalline  hydrate,  HNOi  •  3H2O,  separates.  It  would 
seem  that  there  should  be  a  cr>'stalline  hydrate,  HNO*  •  2HiO,  es- 
pecially as  this  is  approxiniat^ly  the  composition  of  the  acid  of 
constant  boiling  point.  No  such  maximum  appears  in  the  curve, 
(8ee  Kdster  &  Kremann,  Zeit,  f.  Anorg.  Chem*  41,  p.  1.) 

Nitric  acid  enters  into  a  huge  variety  of  chemical  operations, 
many  of  them  of  vast  industrial  importance  (vide  uses)*  All  of 
these  sorts  of  reaction  may  be  reduced  to  four  types.  ■ 

1.  Union  with  Water-  — The  compound  HNO»  reacts  readily 
with  water  with  evolution  of  heat  and  contraction  of  volume. 
It  is  a  rather  powerful  dehydrating  agent.  However,  the  con- 
centrated acid,  68  per  cent  HNOs,  is  already  hydrated  to  the  ex- 
tent represented  by  the  formula  HNOi  •  2HsO,  and  consequently 
the  dehydrating  action  is  only  of  importance  when  the  so-called 
fuming  nitric  acid  is  employed.  Of  course  more  powerful  dehy- 
drating agents  may  extract  water  from  the  acid.  Thus  phosphorus 
pentoxide,  PiO^,  reacts  with  it  to  produce  nitrogen  pentoxide:      . 

2HN0a  +  PtOfi  —  2HP0a  +  N  A.  1 

2.  Acid  Action.  —  The  acid  ionises  very  readily  in  solution^  and 
on  the  baais  of  its  conductivity^  is  at  normal  concentration  82  per 
cent  ionized.  It  is,  therefore,  very  active  as  an  acid*  When  added 
to  metals  of  greater  solution  tension  than  hydrogen,  i.e.,  above 
hydrogen  in  the  electromotive  series  (vide  electromotive  series), 
it  is  to  be  expected  that  hydrogen  is  formed;  as  is  indeed  the  case 
when  very  dilute  acid  is  permitted  to  act  on  certain  metals,  as  mag- 
nesium* If,  however,  we  compare  this  statement  with  the  foUow- 
ing  paragraph  it  will  be  observed  that  only  under  special  circum- 
stances will  the  hydrogen  so  obtained  be  actually  liberated.  It  is 
not  reasonable  however,  to  assume  the  displacement  of  hydrogen 
and  its  subsequent  oxidation  when  metals  of  lesser  solution  tension 
than  hydrogen  are  employed  (as  is  done  by  so  many  writers  of 
texts).  Similarly,  when  salts  are  treated  with  nitric  acid  metath- 
esis should  occur,  but  whether  the  other  acids  so  liberate  can  be 
obtained  is  dependent  upon  their  nature,  i.e.,  whether  easily  vol- 
atilised, precipitated  or  oxidized.  With  sulfides,  of  course^  no 
hydrogen  sulfide  is  to  be  expected,  since  it  is  so  readily  oxidized. 

3.  Oxidizing  Action.  —  Nitric  acid  finds  its  most  characteristic 
applications  because  of  the  ease  with  which  it  suffers  reduction. 
Ttds  is  illustrated  by  its  behavior  with  metals^  which  are  lower  in 
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the  electromotive  series  than  hydrogen,  with  carbon,  starchi  sugar, 
etc.  The  degree  of  reduction  depends  in  part  on  the  power  of  the 
reduciDg  agent  and  in  part  on  the  concentration  of  the  acid.  Pri- 
marily, however,  we  may  consider  the  reaction  to  be  of  the  following 
l>l>e: 

2HN0,  ^  HjO  +  2NQ,  +  O. 

This  reaction  does  not  go  far  in  the  direction  indicated  unless  the 
oxygen  formed  is  consumed  by  a  suitable  substance*     Thus, 

2HN0,  +  Cu  -*  CuO  +  2N0,  +  HtO.  (1) 

What  happens  subsequently,  depends  of  course  upon  the  nature  of 
the  oxide  produced.  In  this  case,  the  oxide  reacts  with  the  acid  as 
indicated : 

CuO  +  2HN0i  -^  Cu(NO,),  +  H|0.  (2) 


I 
I 


Adding  (I)  and  (2)  we  have: 

Cu  +  4HN0,  -♦  Cu(NO,)t  +  2H,0  +  2N0,. 

In  case  we  have  dilute  acid,  it  appears  that  nitrogen  peroxide  is 
decomposed  by  the  water  as  indicated  by  the  reaction:     ,  ,  ■ 

3N0,  +  H,0  -^  2HN0i  +  NO.  (3) 

The  nitric  acid  so  formed  is,  of  course,  available  for  continuing 
the  action.  We  have,  then,  with  dilute  nitric  acid  by  addition  of 
equations  (1),  (2)  and  (3): 

3Cu  +  8HN0,  -^  3Cu  (NOa)i  +  2N0  +  4H,0. 

It  will  be  seen,  also,  that  nitrogen  peroxide,  NQi,  is  capable  of 
'  ^  iction,  so  that  a  mixture  of  mtric  oxide,  NO,  and  peroxide, 
^.  is  formed  under  some  circumstances.  These  substances  unite 
•  NO  +  NOi -♦NtOj).  This  latter  oxide,  which  exists  only  in 
solution  or  in  liquid  form,  is  the  anhydride  of  nitrous  acid  (q.v,). 
We  may  have,  then,  with  proper  concentration  of  nitric  acid  and 
character  of  reducing  agent,  nitrogen  peroxide,  nitrous  anhydride 
or  Bitric  oxide.  With  arsenic  trioxide,  for  example,  the  reaction 
may  run: 

2HN0,  +  AsiOa  -^  As,0»  +  2HN0,. 

With  hydrochloric  acid  we  have: 

3HC1  +  HNOi  -*  2H,0  +  NO  +  3C1. 
aqua  regia 


I 
I 
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4.   Nitro-fonniag  Action,  —  The  mode  of  behavior  of  rtitric  acijj 
which  is  most  extensively  employed  practically  is  that  which  ca 
be  most  dearly  outlined  in  the  light  of  the  structure  of  the  acid.| 
If  we  accept  the  structure  most  reasonable  in  the  light  of  the 

havior  of  the  acid  we  may  indicate  it  as  foUows:  H— O  — Nf 

By  this  formula  we  intend   to  indicate  the  presence  in  the  con* 
centrated  acid  of  one  hydroxyl  group  and  a  valence  of  the  nitrogen 
of  five.     In  the  presence  of  water  the  prevailing  activity  of  the  acid , 
is  due  either  U:i  hydrogen  ions,  or  to  the  ease  of  reduction  of  thai 
valence  of  the  nitrogen,  but  it  is  quite  possible  that  the  nitric  acidj 
may  be  amphoteric,  as  indicated  by  the  equilibrium  formula: 

HO'  +  N0,°  ^  HONO,  ^  H"*  +  NOi'. 

And  in  the  absence,  or  near  absence,  of  water  the  suppression  of  th«] 

hydrogen  ion  enablca  the  other  tendency  to  manifest  itself.  A' 
any  rate,  with  substances  not  basic,  but  readily  subject  to  loss  ol 
hydrogen,  we  have  such  reactions  as: 

^  UHfi  +  HNOa  ^  CeHfiNO,  +  H5O 

^^^^^^^  benjeene  ixitro  benzene 

"    These 


CflH^OH  +  3HN0i  ->  C«Ha 


^(NO,), 


phenol 


picric  acid 


+  3HaO. 


These  and  similar  reactions  are  accomplished  by  splitting  off  the 
hydroxyl  group  from  the  acid.  Such  '*  nitro-compounds  "  are  of 
frequent  formation  when  nitric  acid  acts  upon  organic  compounds. 
One  of  these,  xanthoproteic  acid,  is  formed  when  nitric  acid  acta 
upon  the  skin.  These  reactions  take  place  best  in  the  abseneeB 
of  water,  and  hence  are  carried  out  by  addition  of  concentrated 
sulfuric  acid,  which  unites  with  the  water  as  indicated  upon  p.  237» 
A  very  important  group  of  reactions  accomplished  by  nitric 
acid  may  perhaps  be  classed  either  as  of  type  2  or  4.  These  are 
those  with  alcohols.  Alcohols  are  usually  considered  as  neither 
bEksic  nor  acid,  but  contain  the  hydroxyl  group,  A  familiar  exami 
I         is  glycerine  C;tH&(OH)s.     With  nitric  acid  it  reacts  as  follows: 

■  CaHUOH),  +  3HN0,  ^  CaH,(N03)s  +  SH^O. 

H    Here  agi 
H    completi 


I 


Here  again  the  presence  of  concentrated  sulfuric  acid  assists  the 
completion  of  the  reaction  by  removal  of  water.     On  the  asaumi: 


NITRIC  ACID  AND  OTHER  COMPOUNDS  OF  NITROGEN      289 


tioQ  that  the  substance  is  a  nitro  body  it  is  called  nitroglycerine. 
In  view  of  the  fact  that  the  same  body  is  produced  whether  the 
nitfic  yields  the  hydroxyl  or  hydrogen  radicaJ,  it,  nevertheless,  is  a 
true  nitrate,  whether  the  reaction  is: 


CHr 


\ 


H 

HO 

H 

HO 

H 

HO 

OH 

H 

OH 

H 

OH 

H 

NO, 

NOs- 

NO, 

or 

ONOi 

ONO,- 

ONO, 


/0-NO, 

CiH^  -0-NO, 

^0-N0« 


/0-NO, 

CiH*-0-NO, 

^0--N0, 


I  Similar  reaction  is  produced  between  alcohol-like  subBtanceSi  such 
as  wood  fiber  or  cotton  fiber  (cellulose). 


2CtHio06  +  6HN0t 


^  CuHmINOs)*  +  BHaO. 
guncotton 


Nitrates  of  this  latter  type  containing  2^  3  or  4  nitrate  radicals  are 
used  when  dissolved  in  ether  t^  make  collodion,  or  artificial  skin, 
and  smokeless  powders,  and  mixed  with  camphor  to  make  celluloid. 
These  nitrates  difler  from  metallic  nitrates  in  being  usually  in- 
soluble in  water,  and  even  if  soluble  they  do  not  ionize  to  furnish 
nitrate  ions. 

P  Uses,  —  It  will  have  been  observed  that  nitric  acid  is  used  for 
a  large  variety  of  purposes,  especially  where  its  oxidizii  7  or  its 
nitro-forming  properties  may  be  turned  to  account.  It  finds, 
therefore,  a  variety  of  applications  in  the  laboratories  and  in  the 
manufacture  of  nitroglycerine,  guncotton,  picric  acid,  trinitro- 
toluene, fulminates  and  other  explosives,  and,  the  still  somewhat 
dangerous  collodion  and  celluloid.  The  salts  of  the  acid,  the  ni- 
trates, are  also  manufactured  for  use  as  fertilizers,  in  the  prep- 
aration of  black  powder  and  in  the  manufacture  of  pyrotechnics. 

'  Nitrous  Acid  and  Nitrous  Anhydride, — ^If  nitrates  of  the 
alkali  metals  are  heated  to  a  sufBciently  high  temperature  oxygen 
is  liberated,  as  has  already  been  mentioned.  This  reaction  takes 
place  the  more  readily  if  an  oxidizable  substance  is  present.  ThuSr 
if  lead  is  heated  with   potassium    nitrate   we  have   KNOs  +  Pb 

^— »  PbO  +  KNOj.     The  latter  product  is  a  salt  of  nitrous  acid 


N 


and  may  be  dissolved  and  purified  by  recrystallization.  When  we 
treat  nitrites  so  prepared  with  non-volatile  acids  we  should  natu- 
rally expect  to  obtain  nitrous  acid  by  double  decomposition 

KNQ,  +  HaSOi  -^  KHSO4  +  HNQ». 


» 


While  the  acid  undoubtedly  is  formed,  if  we  attempt  to  obtain 
it  in  pure  condition  by  distillation  reddish  brown  fumes  are 
formed,  which,  if  cooled  by  ice  and  salt,  give  us  a  blue  liquid, 
which  decomposes  before  its  boiling  point  is  reached.  This  is 
apparently  nitrous  anhydride,  NiOi,  and  if  dissolved  in  water 
forms  the  reversible  equilibrium  system, 


N»Oi  +  HjO  ^  2HN0|. 


J 


If  the  solution  is  treated  with  a  base,  nitrites  are  formed.  When 
we  attempt  to  volatilize  the  blue  compound  and  determine  its 
molecular  weight  it  dissociates  into  the  two  gases^  nitric  oxide  and 
nitrogen  peroxide. 

N,0»FtNO  +  NO,. 


n 


Apparently  its  composition  in  solution  is  expressed  by  the  formula 
0  =  N-0-N  =  0,  and  that  of  the  acid  by  HO-N=^0,  in  both 
of  which  the  nitrogen  is  trivalent,  M 

*  Nitrous  acid  solutions  are  both  readily  reduced  and  readily" 
oxidized,  and  hence  are  capable  of  effecting  a  variety  of  reactions 
which  are  extremely  convenient.     These  may  be  iUuatrated:  m 

2HN0a  +  2HI  -*  2HaO  +  2N0  +  h,  reduction  of  the  acid.      ' 
2HMn04  +  5HN0,—  H,0  +  2MnO  +  5HN0»,  oxidation  of  the  acid. 

The  latter  reaction  is  usually  carried  out,  using  permanganates 
with  sulfuric  acid,  and  may  be  expressed:  ■ 

SHaSO*  +  2KMn04  +  5HN0,^  K2SO4  +  2MnS04  +  3H,0  +  5HN0„ 

Nitrites  find  a  variety  of  applications  in  the  laboratory  and  the 
arts^  in  particular  being  extensively  used  in  the  manufacture  of 
dyes. 

Oxides  of  Nitrogen,  —  Incidental  mention  has  already  been 
made  of  nitric  oxide  and  nitrogen  peroxide  and  it  is  now  in  order 
to  formally  discuss  these  oxides  as  well  as  another  one  even  more 
interesting*    Nitrous  and  nitric  anhydrides  have  been  mentioned. 


Nitrous  Oxide.  —  This  substance  was  first  prepared  by  Priestley 
(1772)  by  reduction  of  nitric  oxide  by  means  of  moist  iron  filings^ 
and  by  some  curious  freak  of  imagination  was  supposed  to  be 
extremely  poisonous,  being  considered  the  "  very  principle  of 
contagion/'  The  bravery  of  young  Humphry  Davy  (see  **  Sir 
Humphry  Davy,  Poet  and  Philosopher  '*)  was  therefore  great  when, 
in  17M,  through  inhalation  he  discovered  its  peculiar  anffisthetic 
properties,  which  made  it  for  a  long  time  a  popular  plaything  and 
gave  to  it  the  name  of  laughing  gas*  For  many  years  it  was  used, 
with  admixed  oxygen,  as  an  anaesthetic  in  mild  surgical  opera- 
tions* ltd  place  as  an  ansBsthetic  is  now  usurped  largely  by 
other  substances,  particularly  by  ethyl  chloride  (CiHeCl).  The 
most  convenient  method  of  its  manufactm-e  is  to  heat  ammonium 
nitrate,  which  decomposes  as  indicated: 

NHiNOi  —  2HiO  +  N,0. 

It  IB  also  formed,  mixed  with  other  oxides  and  nitrogen,  when 
sttfBeiently  dilute  nitric  acid  acts  upon  tin  or  zinc.  The  gas  is 
an  endotbermal  compound  and  decomposes  with  the  liberation 
of  18,000  cal.  per  gram  molecule.  It  is,  therefore,  unstable  and 
will  support  combustion  almost  as  readily  as  free  oxygen  and 
mofe  readily  than  air,  in  which,  of  course,  oxygen  is  but  |  of  the 
total  gaseous  concentration.  It  wiU  not  yield  its  oxygen  to  nitric 
oxide  and  is  hence  readily  distinguished  from  free  oxygen. 

The  gas  may  be  converted  into  its  elements  either  by  heating 
or  by  detonation  with  a  fulminating  cap.  It  is  fairly  soluble 
in  water,  ISO  volumes  to  100  at  0**,  and  hence  is  more  conveniently 
collected  over  warm  water,  in  which  it  is  practically  insoluble. 
No  apparent  reaction  between  it  and  water  takes  place,  though 
H  might  be  expected  to  form  hyponitrous  acid.  The  latter  is 
formed  by  the  reaction  between  hydroxylamine  and  nitrous  acid 
m  indicated,  NHiOH  +  HNO,  -^  2HN0  +  H3O,  and  the  acid, 
which  is  very  weak,  decomposes  on  warming  into  hyponitrous 
anhydride  and  water.  The  action  is  apparently  not  readily  re- 
f«rsible.  The  acid  is  dibasic  and  has  the  probable  composition 
HiNiO,. 

Ifitric  Oxide  is,  as  has  been  mentioned,  formed  by  the  action 
of  dilute  nitric  acid  on  reducing  substances.  It  is  thus  formed  in 
a  variety  of  reactions.  Perhaps  the  most  convenient  method  of 
|ii0pariiig  it  free  from  admixed  oxides  of  nitrogen  is  to  add  nitrio 
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acid  to  a  solution  of  ferrous  sulphate  and  sulphuric  acid*    The 
reactions  which  take  place  may  be  indicated; 

2HN0a  -^  HsO  +  2N0  +  30, 
2FeS0i  +  O  ^  FejOCSOOi, 
Fe,0(S04)2  +  HtSO*  -*  Fe,(S04)»  +  HtO, 

and  by  addition, 

2HNO3  +  6FeS04  +  SHsSO*  -*  3Fei(S0i),  +  2N0  +  3H,0. 

The  gas  is  colorless  and  diflScultly  hquefiable,  b*p,  — 142°  C,  and 
is  but  slightly  soluble  in  water.  It  is  endothermic  and 
explodes  when  it  is  detonated,  yet  it  is  the  most  stable  of  the 

P  oxides  of  nitrogen.  It  decomposes  reversibly  when  heated  and 
the  point  of  equilibrium  at  various  temperatiires  is  indicated  by 
the  following  table  taken  frona  Nernst  (Zeit.  fiir  Anorg.  Cli 

I  49,  p.  213). 

^r  This  reaction  is  given  special  mention  for  these  reasons:  ""H 
"  illustrates  Le  Chatelier's  law  (q.v.)  in  that  while  the  reaction  in-^ 
volves  no  change  of  volume,  2N0  ?:±  Nt  +  Oj,  yet  the  formation  of 
the  gas  at  higher  temperatures  tends  to  reduce  the  stress  by  reason 
of  absorption  of  heat.  Also  it  seems  to  illustrate  the  reason  that 
the  synthetic  formation  of  nitrates,  of  which  the  first  step  is  the 

P  formation  of  this  oxide,  takes  place  only  at  the  higher  temperature 
of  the  electric  arc.  It  also  is  interesting  as  illustrating  the  change  of 
speed  of  reactions  with  change  of  temperature*     For  it  appears  that 

II  while  at  the  temperature  about  that  indicated  in  the  first  column, 
H  it  takes  about  five  seconds  for  cquihbrium  to  be  reached  whether 
^     one  starts  with  nitric  oxide  or  air*     Yet  at  750°,  the  time  required 

is  about  800  years,  and  at  room  temperature   almost   infinitely 
longer.     Nitric   oxide  then,  if  formed   at   high   temperature  andJ 
I  suddenly  cooled,  is  stable  at  ordinary  temperatures,  1 

H  Nitric  oxide  is  capable  of  a  variety  of  reactions,  which  may  be 

H     classed  as  oxidizing,  reducing  and  additive*    As  an  oxidizing  agenij 


TampBrntunit 

e«atAC»,  NO. 

Fauodjg^ta.1. 

1811 
2196 
9S75 
3200 

0  35 
0.98 
2,37 
4.43 

0,37 
0.97 
2  23 
5 

;n  may  oe 


I  ft  is  not  vigorous,  but  with  moist  iron,  and  other  metals  also,  it  la 
mdueed  to  nitrous  oxide.  It  will  also  support  the  combustion  of 
«ubstanees  which  ignite  at  low  temperatures^  thus  if  burning  phos- 
phorus be  lowered  int-o  a  jar  of  the  gas  it  continues  to  burn  vigor- 
msiy.  Burning  wood  and  other  combustible  materials  are  quenched 
by  the  gas.  Carbon  disulfide  vapor  mixed  with  the  gas  and  ignited 
produces  a  brilliant  flash  of  light  rich  in  actinic  light  (p.  441),  The 
gas  functions  as  a  reducing  agent  in  readily  uniting  spontaneously 
by  oxygen  to  form  nitrogen  peroxide*  Yet  it  is  not  combustible 
in  the  ordinary  sense,  and  its  union  with  oxygen  is  not  accompanied 
with  a  change  of  temperature  (?).  The  most  characteristic  mode 
of  behavior  is  best  explained  by  reference  to  its  structural  formula, 
which  in  view  of  the  molecular  weight  of  the  gas,  30,  can  scarcely 
be  other  than  N  =  O,  The  nitrogen  is  then  bivalent,  while  nitrogen 
normally  manifests  a  valency  of  three  or  five.  The  oxide  may 
then  be  considered  as  unsaturated  and  hence  unites  readily  with 
other  unsaturated  compounds,  Chetmcal  union  of  this  type  is 
frequently  spoken  of  as  molecular  and  the  compounds  are  classed 
as  molecular  compounds.  Thus  with  ferrous  sulfate  nitric  oxide 
forms  in  solution  an  unstable  compound,  which  may  perhaps  be 

/NO 
considered  to  have  the  formula  Fe  ^  We  have  also  in  aqua  regia 

'^SOi 
the  unstable  compound  NOCl,  and  with  fluorine  the  compound 
NOF;  Substances  of  this  type  are  called  ''nitrosyr*  compounds* 
The  molecular  compounds,  of  which  the  nitrosyl  compounds  are 
examples,  are  very  numerous  and  include  such  compounds  as  the 
crystaUine  hydrate  as  CaCli  •  6H2O.  The  double  salts,  as  ferrous 
ammonium  sulfate,  (NH*  )S04  •  FeSOi ,  etc.  There  seems  to  be  no 
particular  value  in  the  classification  except  that  frequently  the 
valence  relations  of  the  elements,  i.e.,  the  structural  formulae,  are 
not  readily  arrived  at  without  making  more  or  less  unwarranted 
assumptions.  There  is  no  warrant  in  fact,  however,  for  assuming 
that  the  combining  relations  are  different  from  those  in  less  com- 
plex compounds. 

Nitrogen  Peroxide.  —  When  the  nitrates  of  heavy  metals  are 
heated  instead  of  the  sort  of  decomposition  which  takes  place  with 
ammonium  nitrate  (p.  231),  or  with  alkali  nitrates  (p.  230),  the  prod- 
ucts of  the  reaction  are  the  oxide  of  the  metal,  oxygen  and  a  gaa 
which  according  to  the  temperature  seems  to  be  either  NO2  or  NjO** 

For  example : 

2Pb(N0a),  ^  2PbO  +  2N0a  +  Ot. 
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The  gas  is  also  formed  when  nitric  oxide  and  air  are  brought 
into  contact,  2N0  +  02—^  2N0i,  and  when  concentrated  nitric 
acid  is  brought  into  contact  with  metals  or  other  reducing  agents. 
The  gas  is  reddish  brown  to  yellow,  depending  upon  the  temperature, 
and  has  a  molecular  weight,  which  varies  between  45.7  at  154* 
and  76.7  at  27**.  The  depression  of  the  freezing  point  of  a  solu- 
tion of  the  gaa  corresponds  to  a  molecular  weight  of  92.  When 
the  temperature  is  raised  above  154*^  the  color  and  density  continue 
to  diminish  and  finally  the  density  corresponds  to  a  molecular 
weight,  which  is  the  mean  of  those  of  oxygen  and  nitric  oxide. 
These  changes  reverse  themselves  on  cooling.  It  would  seem  that 
we  have  here  to  deal  with  an  equilibrium  reaction  as  indicated: 
N,04  ^  2N0,  ^  2N0  +  0,.  , 


yeUow 

92 


brown 
46 


colorless 
30  32 


The  gas  is  readily  condensed  to  a  yellow  liquid  at  low  tempera^ 
tures  and  the  liquid  boils  at  26**  C,  but  at  lower  temperature  has 
a  high  vapor  tension.  Its  melting  point  is  —9**,  and  the  crystals 
are  colorless. 

Nitrogen  peroxide  is  poisonous  and  inhalation  of  even  small 
amounts  produces  headache  and  nausea.  It  supports  combustion 
of  any  substances  which  unite  vigorously  with  oxygen.  It  is,  as 
may  be  inferred  from  the  above,  a  vigorous  oxidizing  agent.  Thus 
it  oxidises  phosphorus,  potassium,  etc*  It  liberates  iodine  from 
iodides  and  in  general  acts  as  a  powerful  oxidizing  agent  should. 
The  special  vigor  of  *'  fuming  "  nitric  acid  is  due  to  the  presence  of 
this  substance  in  solution.  Yet  the  gas  may  itself  be  oxidized 
rather  readily  to  nitric  acid  by  powerful  reagents,  such  as  perman- 
ganic acid.  The  most  interesting  reaction  of  nitrogen  peroxide 
is  that  with  water.  If  the  temperature  is  kept  low  it  dissolves^ 
forming  a  mixture  of  nitric  and  nitrous  acids.  ^ 

H,0  +  2NO2  -^  HNO,  +  HNO,.  V 

If,  however,  the  temperature  is  that  of  the  room  or  above  we  have; 

H»0  +  3N0,  -^  2HN0j  +  NO.  M 

This  reaction  is  that  which  accounts  for  the  conversion  by  it 
of  solutions  of  bases  into  nitrates.  It  also  explains  the  apparent 
difference  between  the  behavior  of  dilute  and  concentrated  nitric 
acid  as  oxidizing  agents,  while  in  reality  the  action  is  the  same. 
This  reaction,  combined  with  that  of  its  formation  from  nitric  oxide 
and  oxygen,  has  an  interesting  historical  aspect,  since  Priestley 
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devised  a  method  of  delerminiiig  the  *'  goodness  of  air/*  i,f.,  its 
ox}"gen  content,  by  admitting  to  a  measured  volume  of  air,  en- 
closed above  water  or  an  alkaline  solution^  ^^ 
measured  volumes  of  nitric  oxide.  The  per- 
oxide formed  is  dissolved  and  the  maximum 
diminution  of  volume  is  a  measure  of  the 
ox>'gen  present.  The  instrument  Priestley 
used  is  our  present  eudiometer  (iv  =  good-  HO^  "i^ 
fiesBf  ftijpQv  =  measure).  (Fig.  77.)  Nitrogen 
peroxide  as  the  dioxide  can  scarcely  have 
any   other   formula    than    that    represented 

by  the  graph  N^      and  consequently,  since 

nitrogen  usually  manifests  a  valency  of  three 
or  five,  it  is  to  be  expected  that,  like  nitric 
oxide^  it  might  also  satisfy  itself  by  forma- 
tion of  molecular  compounds  by  addition. 
An  interesting  case  is  its  union  with  copper 
to  form  copper  nitroxyl,  Cu(NOt).  The 
N0|  thus  behaves  as  a  univalent  radical. 
This  reaction  perhaps  explains  the  catalytic  effect  of  oxides  of 
nitrogen  in  hastening  the  action  of  nitric  acid  on  copper  and  other 
metals^  though  just  why  shaking  the  metal  slows  up  the  reaction, 
which  it  does,  is  not  apparent. 

Structural  FormuUe  of  Nitrogen  Cofnpounds.  —  While 
in  the  preceding  pages  we  have  of  necessity  discussed  the  structural 
formul^  of  these  compounds,  a  r^sum^  may  be  advantageous. 
No  attempt  will  be  made  to  give  the  reasons  leading  to  the  graphs 
presented  nor  a  discussion  of  alternative  graphs  which  may  be 
or  have  been  suggested. 

N-O-N  N-0         0-N-O-N-O  N^ 
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Exerchea, —  1.  If  the  equation  representing  the  decom portion 
of  nitroglycerine  is:  4aH6(NOa)a  ^  1200,  +  lOHaO  +  6Nt  +  O,, 
what  volume  of  gas  would  be  produced  from  a  formula  weight  in 
grama  when  the  gaseous  products  are  measured  at  100**  C.  and 
760  mm? 

2.  What  is  the  volume  of  gaseous  products  from  227  grams  of 
gunpowder  measured  at  100°  and  760  mm.  if  the  reaction  is: 

2KN0i  +  3C  +  S  «*  KjS  +  SCO,  +  N,, 

3.  Make  correct  equations  representing  the  following  reactions. 
Nitric  acid  and  phosphorus  pentoxide  producing  metaphoephoric 
acid,  HPOa,  and  nitrogen  pentoxide.  Nitric  acid  and  sulfur 
producing  sulfuric  acid  and  nitric  oxide.  Nitric  acid  and  sulfur 
producing  sulfuric  acid  and  nitrogen  dioxide.  Nitric  acid  and 
zinc  producing  zinc  nitrate,  nitric  oxide  and  water.  Nitric  acid 
and  cellulose  producing  trinitrocellulose  and  waten 

4.  Give  all  the  details  required  for  the  preparation  of  pure 
sodium  nitrite  from  impure  sodium  nitrate. 

5.  If  nitrogen  trioxide,  NjOa^  dissociates  completely  inta 
nitric  oxide  and  nitrogen  dioxide,  what  is  the  weight  of  the  gram- 
molecular  volume? 

6.  Collect  from  the  text  all  the  facts  tending  to  show  that 
in  the  liquid  form  the  blue  compound  is  nitrous  anhydride  NiOj, 

7.  Show  by  equations  that  nitric  oxide  is  both  an  oxidising 
and  reducing  agent. 

8.  If  the  gram-molecular  volnme  of  the  mixture  of  nitrogen 
dioxide  and  nitrogen  tetroxide  at  10°  weighs  80  gramSi  what  is 
the  percentage  amount  of  each  compound  present? 

9.  If  nitrogen  peroxide  is  dissolved  in  cold  water  the  products 
are  nitrous  acid  and  nitric  acid.  Formulate  the  equation*  What 
other  oxide  reacts  in  an  analogous  manner. 

10.  If  you  had  a  mbcture  of  nitrous  oxide,  oxygen  and  nitrogen, 
how  could  you  determine  the  presence  of  each  gas?  How  would 
you  undertake  to  estimate  the  quantity  of  each  component  of  the 
mixture? 
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Occurrence*  —  Phosphorus  never  occurs  free,  but  in  the  form 
of  compounds  is  of  wide  distribution  in  small  quantities.  It  also 
OOCUT8  in  large  mineral  deposits.  The  commonest  natural  forms 
modifications  of  calcium  phosphate;  of  which  great  deposits 
oc€iir  in  Florida,  South  Carolina,  Tennessee,  Montana,  Utah, 
Wyoming  and  in  Ontario,  Canada.  The  two  mineral  forms 
are  phosphorite,  Caa(P04)jp  or  phosphate  rock,  and  fluorapatiie, 
Cat(P04)2CaFj.  Considerable  quantities  occur  also  as  vivianite, 
Fe,(P04)t. 

Phosphates  occur  in  all  soils  and  are  essential  to  soil  fertility* 
Raots  consume  the  mineral  phosphates  and  from  the  plants  the 
ammEls  obtain  the  needed  material  to  build  bones,  which  are 
approximately  40  per  cent  calcium  phosphate,  and  organic  phos- 
phat€8»  of  which  the  most  important  is  nucletn.  In  consequence 
of  the  utilization  of  phosphorus  compounds  by  the  animal  organ- 
isms,  phosphates  are  present  in  the  dejecta  of  animals  and  certain 
foBBil  forms  of  these  are  known  as  coprolites.  In  the  urine 
of  mammalg  phosphates  are  present  and  this  was  the  first  source 
of  the  manufacture  of  the  element* 

HiBtory.  —  Phosphorus  is  supposed  to  have  been  disco\^red  by 
Brandi  an  alchemist,  in  1668  by  distilling  the  residue  of  evaporated 
Qrioe.  The  striking  phenomenon  which  accompanies  its  exposure 
to  ^  in  the  dark,  the  faint  luminosity  produced,  gave  .to  the  sub- 
ita&c^  the  name  (from  4*m  =  light,  «^«p<ip  =  to  bear,  ^«kt(^<^oj  = 
Lacifer,  the  morning  star).  The  recognition  of  the  substance  as 
in  element  we  owe  to  Lavoisier. 

Phosphorescence,  —  There  are  three,  at  least,  distinct  kinds 

\  lunainosity  produced  at  ordinary  temperatures  which  are  known 

phosphorescence*     One  of  these  is  the  glow  produced  by  the 

Bphorus  itself,  which  is  due  to  the  liberation  of  energy  in  the 

of  light  during  the  oxidation  of  the  element.     There  are  ai> 
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parently  many  organiBmfi,  such  as  the  firefly,  glowworm  and 
smaller  organisms  which  eecrete  a  substance  which,  on  exposure  to 
air,  oxidizes  similarly  with  energy  evolution  in  the  form  of  light 
rather  than  of  heat.  This  is  sometimes  called  cold  light  and  the 
element,  phosphorus,  is  not  involved.  This  variety  of  oxidation 
accounts  for  the  phosphorescence  of  the  sea  in  summer,  of  fox  fire 
and  of  the  luminosity  of  foodstuflfs,  which  so  oft^n  gives  concern  to 
the  housewife.  The  third  variety  of  phosphorescence  is  mani- 
fested by  such  substances  as  calcium  and  other  sulfides,  cobalt 
phoephatei  etc.,  and  appears  to  be  due  to  the  effect  of  intense  Ught 
which  sets  up  a  motion  of  the  molecules  such  that  when  placed  into 
the  dark  this  molecular  motion  is  able  to  initiate  ether  waves. 
At  any  rate,  these  substances,  after  exposure  to  light,  will  con- 
tinue to  give  off  light  for  greater  or  lesser  periods  of  time.  These 
materials  form  the  basis  of  '*  luminous  paints,"  ''miracle  pictures," 
etc.  All  substances  are  said  to  be  phosphorescent »  in  this  sense, 
at  the  temperature  of  liquid  air. 

Preparation.  —  When  phosphates  are  treated  with  acids»  pboG- 
phoric  acid  is  formed,  e.g.,  CMTO^h  +  SHsSOi  -^  SCaSO*  + 
2H3PO4.  If  phosphoric  acid  be  sufficiently  heated  it  breaks  down 
into  metaphosphoric  acid  and  water:  HjPOi  — *  HPOa  +  HtO 
(see  phosphoric  acid)*  If  metaphosphoric  acid  is  heated  with  a 
strong  reducing  agent  the  element  is  liberated;  €,g.,  2HP0a  +6C 
— ►  6C0  +  2P  +  Hj.  All  these  operations  may  be  carried  out  in 
one  vessel;  thus  if  bone  ash  be  mixed  with  sawdust  and  sulfuric 
acid  and  distOled  the  phosphorus,  which  volatilizes,  may  be  con- 
densed and  collected  under  water  and  molded  into  the  familiar 
yellow  sticks,  in  which  form  it  usually  appears  on  the  market* 
The  reaction  may  be  expressed : 

Ca.(P04),  +  3H2SO1  +  6C  -*  3CaS04  +  2P  +  H,  +  6C0. 

In  recent  years  the  development  of  the  electric  furnace  has  made 
possible  a  more  economical  method,  which  consists  essentially 
in  displacing  the  anhydride  of  phosphoric  acid  by  the  anhydride  of 
silicic  acid. 

Ca,(P04)i  -h  3SiOs  -^  SCaSiOa  +  PjO*. 

This  operation  requires  a  rather  high  temperature,  which  is  fumiahed 
by  the  electric  arc.  The  operation  is  not  an  electrolytic  one.  If 
the  anhydride  be  heated  with  carbon  it  is  reduced: 
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\  These  two  reactions  may  be  carried  out  in  one  operation  if  sand, 
bone  ash  and  carbon  be  heated  in  an  electric  furnace  and  the 
Tapor  of  phosphorus  condensed  by  a  suitable  apparatus.     (Fig.  78.) 

Ca,(P04),  +  3Si02  +  5C  -^  5C0  +  3CaSiO,  +  2P. 

Of  course,  the  crude  phoephorua  so  obtained  must  be  purified* 
This  is  done  by  various  methods,  which  are  trade  secrets,  but  all 
consist  essentially  of  redistilling 
with  purifying  agents,  and  collect- 
ing the  product  under  water. 


* 


* 


AUotropic  ModificationB*  — 

While  in  the  methods  described 
above  the  product  is  always  the 
same,  and  is  known  as  yellow 
phosphorus,  there  is  at  least  one 
ot  her  wel  Wen  own  m  o  di  fi  cati  on , 
called  red  phosphorus,  which  is 
obtained  by  heating  the  yellow 
material  to  250**  C.  in  the  pres- 
ence of  an  inert  gas,  or  in  the 
absence  of  any  other  material  ^ 
ie,,  in  vacuo.  This  change  may 
also  be  produced  by  '*  sparking  '^ 
the  material  electrically.  If  yel- 
low phosphorus  is  allowed  to 
stand  in  the  sunlight,  it  slowly  transforms  itself  into  the  red 
modification.  The  speed  of  the  reaction  may  be  greatly  facili' 
tated  by  the  presence  of  a  catalytic  agent,  such  as  traces  of  iodine. 
If  the  red  variety  be  heated  until  it  volatilizes  and  the  vapor  quickly 
cooled,  the  product  is  the  yellow  variety.  It  is  apparent  that 
the  red  phosphorus  is  the  more  stable  form  and  that  the  yellow 
phosphorus  is  only  obtained  because  of  the  slow  rate  of  the  change 
from  the  metaatable  to  the  stable  condition. 

There  are  several  other  modifications,  or  allotropie  forms  of 
phosphorus  which  have  been  reported,  such  as  black  phosphorus, 
scarlet  phosphorus,  etc.,  but  it  is  impossible  to  say  definitely  if 
they  are  real  individual  forms  or  not. 


Fio.  78, 


Properties*  —  The  contrast  between  the  physical  and  chemical 
properties  of  yellow  and  of  red  phosphorus  is  more  marked  than 


L 


between  many  different  elements,  yet  when  either  variety  is  used 
to  produce  a  given  reaction,  there  is  no  difference  in  the  resulting 
product,  and  each  variety  may  be  converted  into  the  other  without 
gain  or  loss  of  weight.  It  is  not,  however,  to  be  understood  that 
the  energy  relations  are  the  same.  In  general,  the  transformation 
of  the  yellow  to  red  variety  is  accompanied  by  the  evolution  of 
4,000  calories  of  energy  and,  therefore,  combustion,  or  other  reaction 
of  the  varieties  are  accompanied  by  differences  of  energy  relations 
of  corresponding  value. 

Whether  pliosphorus  vapor  be  derived  from  the  yellow  or  red 
variety,  the  molecular  weight  is  approximately  124»  Since  the 
atomic  weight  is  31  as  shown  by  the  analysis  of  the  phosphate, 
AgiPOi  and  by  the  molecular  weight  of  its  volatile  compounds, 
its  molecular  complexity  is  four,  P*.  In  solution  in  carbon  [.di- 
sulfide, yellow  phosphorus  also  shows  a  freezing  point  depression 
corresponding  to  the  formula  P4,  At  higher  temperatures  the 
molecular  complexity  faJls  until  at  about  1700"^  it  appears  to  cor- 
respond to  the  formula  Pj.  What  the  character  of  the  molecule 
of  red  phosphorus  is,  is  unknown »  since  no  solutions  of  it,  suitable 
either  for  freezing  or  boiling  point  determinations  are  known.  The 
cause  of  the  wide  divergence  in  the  properties  of  the  two  varieties 
is  then  unknown.  The  properties  in  question  may  be  conveniently 
contrasted  by  the  "  deadly  parallel  "  of  the  printer. 


Property 

Red  pboepborufl 

Color 

Red  to  chocolate 

Yellow  to  oobrleu 

Crystalline  form 

Rhombohedral 

Cubical 

Boiling  point 

Nil 

270'* 

Mdting  point 

(Under  preeaure)  500- 
600'' 

44«                               ( 

Solubility  in  water 

Nil 

Nil 

Odor 

Nil 

Garlic 

Appearance  in  dark 

No  phosphoreacence 

PhoflphorsBcent 

when  exposed  to  air 

Specific  gravity 

2.106-2.14 

LS3-L85 

Specific  heat 

0.170 

0J89 

Physiological  action 

Non-poiflonoua 

Poiaonoua 

Ignition  point  in  air 

260'* 

30-*       ' 

Action  on  chlorine 

Bums  if  heated 

Takers  Ere  apont&neoualy 

Us€8*  —  Phosphorus,  in  the  elementary  form,  is  used  in  the 
manufacture  of  matches  (see  below).  Since  it  is  a  virulent  poison, 
in  yellow  form,  and  mixes  readily  with  foodstuffs,  it  is  frequently 
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Ltiaed  as  a  vermifuge  (bug  and  rat  poisons,  etc).  It  is  also  used  as  a 
pcnBOHf  both  for  purposes  of  suicide  and  murder.  A  solution  of 
jdlow  phosphorus  in  carbon  disulfide  is  used  for  incendiary  pur- 
poses^ under  the  name  '*  Pettibones  dope»^*  On  account  of  the  ujse 
found  in  the  chemical  laboratory  for  the  reactions  of  which  phoe- 
phonis  is  capable,  considerable  quantities  are  so  consumed. 
For  most  purposes  the  red  variety  is  as  well  suited  and  much  safer 
than  the  yellow.  Since  yellow  phosphorus  unites  readily  with 
oxygen  at  the  ordinary  temperature,  it  is  frequently  used  to  deter- 
mine the  quantity  of  free  oxygen  in  a  mixture  of  gases,  as  in  air 
analysis.  (Note:  It  ought  to  be  mentioned  that  pure  oxygen  is 
not  attacked  at  room  temperature  by  yellow  phosphorus.  This 
is  interesting  as  being  contrary  to  the  experience  that  reaction 
rates  are  increased  by  increased  concentrations:  cause  unknown.) 
Phosphorus  is  also  used  in  making  a  variety  of  substances,  such 
as  the  phosphorus  chlorides,  iodides,  etc,  (g.t?.)- 

"  Matches*  —  By  far  the  most  extensive  use  of  phosphorus  is  in 
the  preparation  of  matches.  These  arc  of  two  types:  the  so-called 
**  friction  "  match  and  the  safety  match.  In  general,  a  match 
head  contains  some  readily  combustible  material,  such  as  sulfur, 
sugar,  glue,  antimony  sulfide,  etc.,  in  sufficiently  large  quantity  so 
that  its  combustion  may  raise  to  the  kindling  poixit  the  material 
of  which  the  **  stick  '*  of  the  match  is  made.  In  order  to  facilitate 
the  combustion,  the  head  also  contains  some  good  oxidizing  agents 
euch  as  potassium  nitrate,  potassium  chlorate,  etc.  In  general  such 
a  mixture,  while  it  burns  readily  if  ignited,  requires  a  higher  kin- 
dling point  than  can  be  readily  reached  by  friction  alone.  To  this 
end  is,  therefore,  added  some  yellow  phosphorus  or  phoephorus 
'^flesquisulfide,"  either  of  which  by  simple  friction  may  be  readily 
heated  to  ignition-  In  the  safety  match  red  phosphorus  i^  placed, 
mixed  with  sand,  on  the  side  of  the  box.  The  rough  surface,  when 
rubbed  with  the  match,  is  locally  heated  to  a  point  when?  ignition 
results,  but  the  poorly  conducting  sand  keeps  the  combustion  from 
spreading  through  the  phosphorus  on  the  box.  Fonnerly  only 
yellow  phosphorus  was  used  in  match  manufacture,  but  the  matches 
00  made  are  somewhat  dangerous  by  reason  of  their  ready  ignition, 
also  because  children,  and  sometimes  adults,  by  accident  or  inteat» 
ate  match  heads.  Since  one  match  contained  enough  phosphorus 
to  cause  serious  symptoms  and  as  few  as  three  have  been  known 
to  cause  deathi  the  danger  was  not  small.     Above  all,  the  manu- 


facture  of  these  matches  could  not  be,  or  at  least  was  not,  carried 
on  without  contact  between  the  workjnen  and  the  vapors  of  the 
molten  phosphorus.  The  result  of  this  contact  for  any  length 
of  time  was  necrosis  of  teeth  and  bones,  e-specially  of  the  nose 
and  jaw  (Jossy  jaw).  Recently  most  civilized  peoples  have  for- 
bidden the  use  of  yellow  phosphorus  in  matches.  Its  place  has 
been  taken  by  the  almost  as  readily  ignited  phosphorus  sesquisulfide, 
PiSa,  which  can  be  manufactured  without  danger  to  the  workmen 
and  which  is  much  less  poisonous  than  the  yellow  phosphorus. 

There  is  a  very  great  range  of  formulse  suitable  for  match 
making  and  for  information  of  a  general  character  the  reader  is 
referred  to  the  Encyclopedia  Britamiica,  , 

Phasphine  and  Other  Hydrogen  Compounds,  —  Phosphorus 
forms  with  hydrogen  a  series  of  hydrogen  compounds  similar  to 
those  of  nitrogen^  but  which  show  some  points  of  striking  contrast. 
Theee  are:  Phosphine,  PH^;  liquid  hydrogen  phosphide,  P1H4, 
corresponding  to  hydrazine,  and  a  solid  phosphide,  PuH**  Of  these 
only  the  first  will  be  here  discussed. 

If  calcium  phosphide  is  treated  with  water,  phosphine  is  evolved 
by  the  reaction : 

Ca.P,  +  6H,0  ^  2PH,  +  3Ca(0H),, 

Also,  if  yellow  phosphorus  is  heated  with  caustic  potash  solution  the 
following  reaction  takes  place: 

3K0H  +  4P  +  SHjO  -^  PH,  +  3KHaP0a. 

Potaaaium  hypophoephitc 

If  the  air  above  the  solution  be  displaced  !>y  a  gas  which  does  not 
react  with  phosphine,  such  as  coal  gas,  hydrogen  or  carbon  dioxide, 
the  gas,  which  as  it  is  evolved  is  spontaneously  inflammable,  may 
be  aUowed  to  escape  in  separate  bubbles  through  water  when^  as 
each  one  takes  fire,  a  smoke  ring  is  formed.  (See  Fig,  79.)  If 
collected  over  water*  phosphine  is  a  colorless  gas  with  a  pecuUar 
fishy  odor.  It  is  solid  at  — 133^  and  liquid  at  —85°,  Its  kindling 
point  is  at  about  I0(f  and  it^  spontaneous  inflammability  as  pre- 
pared is  probably  due  to  the  presence  of  traces  of  the  liquid  phos- 
phine. The  products  of  its  combustion  are,  of  course,  phosphorus 
pentoxide  and  water,  the  former  causing  the  smoke  rings  above 
mentioned.  It  decomposes  when  heated  or  when  exposed  to  strong 
light  into  phosphorus  and  hydrogen*    As  its  collection  over  water 
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would  indicatei  it  is  strikingly  leas  soluble  than  ammonia;   only 

II  volumes  per  100.     Moreover,  the  aqueous  solution  is  not  alkaline. 

The  gas  does  unite  directly  with  strong  acids  to  form  phospho* 

nium  salts,   e.g.,   PHi  + 

Ha-^PHiCL   These  are 

chiefly  interesting  as  dem- 

Qostrating    the    relation 

belween    phosphine    and 

anuDonia. 


Oxides  and  Acids  of 
Phosphorus. — There  are 
three  cmdes  of  phospho- 
ruftj  the  trioxide,  P^Os; 
the  pentoxide,  P2O&,  and 
the  tetroxide,  FiO|.  The 
last     mentioned     corres- 


Fta.  n. 


ponds  to  nitrogen  tetroxide  and  is  formed  by  heating  the  trioxide, 
PfOf  — *  PtOi  +  Oi,  in  a  sealed  tube  at  440^,  It  decomposes  water, 
forming  phosphorous  and  phosphoric  acids  (c/,  p.  196).  No  further 
ention  will  be  made  of  it* 

The  pentoxide  is  formed  when  either  red  or  yellow  phosphorus 
burned  with  free  access  of  air*    It  is  a  white  powder  which  sub* 

es  slowly  at  SO*'.  Its  vapor  density,  even  at  1400°,  corresponds 
to  the  formula  PiOu^,  but  ordinarily  the  smaller  formula  PsOs  is 
used  to  describe  its  reactions.  If  heated  rapidly,  it  melts  and  on 
cooling  solidifies  to  a  vitreous  mass*  It  is  extremely  hygroscopic 
and  is  the  material  generally  employed  in  drying  gases  for  complete 
removal  of  water. 

It  unites  with  water  with  evolution  of  from  29,000  to  41,000 
eal.  of  heat  at  "  infinite  dilution/'  according  to  whether  the  crystal- 
line, amorphous  or  vitreous  form  is  dissolved.  Its  avidity  for  water, 
eoupled  with  the  non-volatility  of  the  corresponding  acid,  is  so 
great  that  it  may  be  used  to  liberate  even  the  anhydrides  of 
sulfuric  and  nitric  acids.  When  the  oxide  is  added  to  wat^r  with- 
out heating  or  when  it  is  exposed  to  air,  a  viscous  jelly-like  sub- 
stance is  produced,  which  is  known  as  metaphosphoric  acid. 
Thi»  acid  or  its  salts  may  be  prepared  in  a  variety  of  ways.  It 
has  the  composition  HPOa  and  corresponds  to  the  ordinary  form  of 
nitric  acid.     It  is  frequently  called  '*  glacial  phosphoric  acid." 

When  the  facial  variety  is  dissolved  in  water  and  allowed  to 
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stand,  it  slowly  changes  by  addition  of  water,  or  rapidly  if  boiled, 
forming  the  ordinary  or  orthophosphoric  acidi  HPQa  -(-  HjO  — ► 
HaPO*,  which  may  be  obtained  in  the  dry  form  by  concentratioa 
in  vacuo.  It  melts  at  38°.  It  is  usually  marketed  in  the  fonn  of 
a  thick  syrup  of  a  concentration  of  about  85  per  cent.  Being 
tribasic,  it  forms  three  series  of  salts,  which  are  distinguished  from 
each  other  by  the  terms  primary,  secondary  and  tertiary.  Thus, 
primary  sodium  phosphate  is  NaHsPO*,  secondary,  Na^HPO*  and 
tertiary,  Na8P04.  It  will  be  noted  that  only  the  last  is  a  neutral  salt. 
Since,  however,  it  is  a  salt  of  a  weak  acid  and  a  strong  base,  it  is 
strongly  alkaline  in  solution* 

Phosphoric  acid  is  a  comparatively  weak  acid  (see  p,  175). 
When  heated  to  250*^  it  loses  one  molecule  of  water  from  two  of 
acid,  forming  a  well-deSned  intermediate  product  known  as  pyro* 
phosphoric  add^  H4P2O7*  The  salts  of  this  acid  are  readily  formed 
by  beating  secondary  phosphates,  e.g.,  2Na2HP04  -^  Na4Pt07  +  HjO. 

When  phosphorus  pentachloride  is  treated  with  water,  hydroly- 
sis takes  place  and  when  the  attempt  is  made  to  isolate  the  products 
orthophosphoric  acid  is  obtained.  Yet  the  interchange  can  scarcely 
be  other  than  PCI5  +  5H|0  -*  P(0H)5  +  5HCI  The  compound 
P(OH)s,  when  it  exists  evaneseently.  if  at  al[,  is  known  as  normal 
phosphoric  acid.  These  relations  may  be  made  clear  by  a  con- 
sideration of  the  probable  structural  formulse. 

^0  ^O  ^O  ^OH 

K 

VOH 
OH 


;o  + 


P-OH 


\: 


OH 

r/oH 

P^OH 

N^OH 

X)H 


pentoxide 


p=o 

""OH 


meta^cid 


P-^OH  P— OH 

^OH  %0H 

^O  ^0 

pyro-aoid  ortbo^ocid 


.OH 

P-OH 

^>^0H 

VOH 

^OH 

Bonnftl 


This  series  is  so  remarkable  and  the  transformations  of  one 
variety  into  another^  either  as  salt  or  in  the  free  form,  so  valuable 
that  a  careful  study  of  the  relation  expressed  is  advised.  The 
relation  of  water  to  the  acids  is  also  important  historically,  since 
in  a  paper  on  the  salts  of  these  acids  and  the  corresponding  ones 
of  arsenic,  in  1833,  Graham  (see  Alembic  Club  Reprints,  No.  IQ) 
showed  the  relation  between  anhydrides  and  acids  and  that  th^ 
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PjOj,  18  usually  employed.     The  phosphorous  acid  ia  readily  foriiw 
by  hydrolyaia  of  the  trichloride: 

PCI,  +  3H,0  ^  P(OH)s  +  3HCI 

The  acid  so  produced  is,  like  phosphoric  acid,  tribasic,  but,  like  all 
polybasic  acids,  is  stronger  as  a  monobasic  acid,  i\e,,  the  second 
and  third  stages  of  ionization  take  place  less  readily  than  the 
first.  When  heated  the  acid  loses  water,  forming  a  meta-acid, 
P(OH)j  — ♦  H2O  +  HPOj,  which  corresponds  to  nitrous  acid. 
When  phosphites  or  phosphorous  acid  are  heated  they  act  like 
Bulfites,  simultaneous  o?ddation  and  reduction  taking  place  ((^. 
sulfites  and  hypochlorites). 

4H,P03  -*  Vm  +  SHjPO*  -^  3HP0»  +  3HiO, 

Hypophosphorous  Acid.  —  When  phosphorus  is  heated  with 
bases  simultaneous  formation  of  a  salt  of  hypophosphorous  acid 
and  phosphine  results. 

3BaC0H)i  +  8P  +  6H1O  -^  2PH^  +  3Ba(H|P0,)|. 

When  this  salt  in  solution  is  treated  with  dilute  sulfuric  acid,  the 
free  acid,   H*POf,  remains  in  solution,   while  barium  sulfate  is 

precipitated.    The  supposed  structure  of  the  acid  ib  0  =  P— H 

since  only  primary  salts  are  known.     The  salts  of  this  acid  are    ■ 
used  medicinally  as  "  nerve  tonics.*'  ■ 

Other  Compounds  of  Phosphorus*  —  The  halides  of  phos- 
phorus possess  a  special  interest  because  of  the  part  they  play 
in  the  preparation  of  organic  compounds  and  have  played  in  the 
unraveling  of  the  structure  of  both  organic  and  inorganic  com 
pounds.     There  are  two  series: 

PFi,  PCli,  PBr„  PI,    and    PFs,  PCU,  PBr,,  PU. 

The  latter  oompounds  dissociate  reversibly  00  heating,  e.g.: 

PCU  ^  PCli  +  Clt, 

and  the  explanation  of  this  type  of  reaction  had  an  important 
bearing  on  the  general  acceptance  of  Avogadro's  hypothesis  and 
its  consequent  effect  on  the  systematic  development  of  chemistry. 
The  importance  of  these  compoundB  in  organic  chemistry  is  due 
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to  the  fact  that  they  are  hydrolyzed  not  only  by  water,  as  was 
illustrated  in  the  preparation  of  hydrochloric  and  hydrobromio 
acids  iq-t.),  but  also  by  any  substance  containing  an  hydroxyl 
group.  Thus  PCU  +  3CsHfiOH  -*  P(OH)«  +  aC^HfiCl  and  also 
PCU  +  (HO)tSO,  ^  P(OH),CU  4-  SO,CU. 

This  behavior,  therefore,  assists  in  the  indication  of  the  structure 
of  compounds  and  is  specially  useful  in  organic  chemistry*  The 
products  of  these  compounds  present  interesting  variations,  ac- 
oording  to  the  element  associated  with  the  phosphorus  and  valency 
exhibited,  but  the  student  is  referred  for  their  detailed  description 
to  larger  works  {mde  Roscoe  &  Schorlemmer,  Abegg,  etc.)< 

The  sulfides  of  phosphorus  also  present  a  series  of  compounds 
made  by  direct  union  of  phosphorus  and  sulfur  in  proper  propor- 
tions. Of  these,  at  least,  P4S3,  P2S1,  P4ST  and  PtSa  are  distinct 
compounds.  One  of  these  has  in  recent  years  become  of  con-  ■ 
siderable  importance  as  a  substitute  for  yellow  phosphorus  in  the  ^ 
manufacture  of  matches.  It  is  known  as  the  sesquisulfide,  P«St. 
It  ignites  at  100°  C.  and  melts  readily  at  172.5^,  and  these  prop- 
erties make  it  suitable  for  use  as  a  kindling  material,  while,  as  its 
high  boiling  point,  408"^,  indicates,  it  has  a  low  vapor  tension  and 
kck  of  poisonous  effect  upon  the  factory  workers. 


Absenic 


I     Occurrence*  — Arsenic  occurs  in  many  varieties  of  mineral  fonns. 
The  most  abundant  is  arsenical  pyrites,  mispickel,  FeAsS.     Other 
orec  are:  arsenite,  AsaOa;   orpiraent,  AsjSj;  realgar,  As^Si*     Arse- 
nides of  several   metals  also  occur,  as  CoAsj^  FeAsj,   NiAs,  etc. 
Arsenic  also  is  found  as  an  impurity  in  most  sulfide  ores  and  hence 
in  roasting  and  smelting  operations  its  oxide  is  a  constituent  of 
the  *'  fumes  "  and  its  disposal  is  a  serious  problem.     The  oxide 
L^iB  present  in  coal  smoke  and  consequently  in  the  atmosphere  of 
^kities,  though^  of  course,  only  traces  so  occur.    Since  sulfide  min- 
^mrals  are  weathered  by  exposure,  mineral  waters  and  mine  waters 
Hmmetimes  contain  arsenical  compounds.    Arsenic  also  occurs  in 
^  nature  in  native  form. 
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History,  —  The  compounds  of  the  element  were  known  to  the 

y  Greeks  and  the  name  arsenic  is  from  dp^nviKovj   meaning 

mi,  probably  by  reference  to  the  physiological  effects.     The 

element  appears  to  have  been  isolated  by  the  alchemist^  Albertus 


MagnuB,  about  the  middle  of  the  thirteenth  century.  Brandt, 
the  discoverer  of  phosphorus,  showed  the  **  white  arsenic  '*  of  the 
pharmacist  t^  be  a  **  calx  "  of  the  metal  and  consequently  when 
the  nature  of  oxidation  was  cleared  up  by  Lavoisier,  it  was  recog- 
nized as  the  oxide.  In  the  story  of  poisons  arsenic  finds  a  promi- 
nent place  and  the  method  of  detection  by  Marsh,  known  as 
Marsh's  t^st,  was  a  valuable  contribution  to  the  limitation  of 
its  use  in  this  manner. 
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Preparation,  —  In  the  roasting  of  arsenical  ores,  preparatory 
to  smelting,  the  arsenic  present  is  converted  to  the  oxide  and 
volatilized.  It  is  collected  in  some  cases  in  long,  horizontal  brick 
flues,  while  the  gascB  pass  on  to  the  stack.  A  large  portion  of 
the  arsenic  of  commerce  is  prepared  from  this  source  as  a  by- 
product of  the  smelting  industries.  The  element  itself  may  be  ■ 
obtained  readily  by  reduction  of  the  oxide  with  charcoal.  It  ^ 
may  be  purified  by  sublimation.  It  is  also  prepared  by  heating 
mispickel  in  iron  retorts  and  obtaining  the  arsenic  as  a  sublimate, 
FeAsS  -*  FeS  +  As,  I 

Properties,  —  Arsenic  is  a  steel  gray  metal-like  substance  with  a 
high  luster-  It  tarnishes  superficially  in  moist  air  to  a  dull,  almost 
black  surface.  It  has  a  specific  gravity  of  5.727.  It  is  brittle. 
Like  metals  it  is  a  good  conductor  of  heat,  though  a  poor  conductor 
of  electricity.  It  is  readily  volatile,  Le.,  has  a  high  vapor  tension, 
at  temperatures  even  much  below  its  melting  point,  which  under 
high  pressure  is  about  480°.  Its  vapor  density,  10.2  at  860**, 
corresponds  to  a  molecular  weight  of  308*4,  and  since  in  arsenic 
chloride  the  amount  of  arsenic  in  a  gram  molecular  volume  ia 
75  g.,  the  element  is  tetratomic,  like  phosphorus. 

The  arsenic  vapor  has  the  odor  of  garlic  and  is  of  a  Ught  yellow 
color.  If  cooled  suddenly  a  yellow  allotropic  modification,  anal- 
ogous to  yellow  phosphorus,  is  obtained.  It  has  a  specific  gravity 
of  only  4,7.  It  is  soluble  in  carbon  disulfide,  while  the  ordinary 
arsenic  is  not.  When  the  ordinary  arsenic  is  heated  rapidly,  a 
shining  black  crystalline  modification  is  produced,  which  is  con- 
sidered to  be  another  allotropic  modification.  The  three  varieties 
are  sometimes  distinguished  as  the  X-arsenic,  the  ordinary  form; 
tt-arsenic,  the  yellow  form,  and  jS-arsenic,  the  black  form.  Arsenic 
burns  readily  with  a  bluish  flame  and  garlic  odor  to  form  arsenic 
trioxide,  AsjOa.     It  unites  readily  with  the  halogens^  with  sulfur^ 


and  with  many  metals  to  form  compourtdH.  The  latter  may  be 
considered  either  as  alloys  (g.r.)  or  as  arsenides.  It  does  not 
reset  with  acids,  i.e.,  does  not  displace  hydrogen  ions,  but  with 
powerful  oxidizing  agents,  such  as  aqua  regia  or  nitric  acid  or 
even  chlorine  water  it  reacts  to  form  arsenic  acid,  HjAsO^.  This 
acid  corresponds  to  the  oxide  A82O&.  In  this  respect  its  behavior 
is  analogous  to  that  of  phosphorus  (g.v,)* 


Um^m,  —  Arsenic  is  used  in  alloys  as  a  hardening  agent,  particu- 
larly in  shot,  where  it  also  serves  the  purpose  of  giving  fluidity 
to  the  molten  mass,  so  that  the  drops  of  molten  alloy,  as  they 
are  dropped  from  the  shot  towers  into  water^  are  more  nearly 
spherical.  It  is,  of  course,  used  in  making  arsenic  compoundSi 
which  are  of  extensive  application, 

t  Compounds,  Arsine.  —  When  metallic  arsenides  are  treated 
with  water  or,  more  rapidly,  with  acids,  arsine  is  formed,  e.^,, 
AsiZns  +  6HCI  -^  2AsH3  +  SZnCIa.  It  is  also  formed  when  arsenic 
compounds  are  treated  with  **  nascent*'  hydrogen,  i.e.,  with  an 
active  metal  and  acid. 

AsaOs  +  6H2  ^  2AsHs  +  3H^0. 

Since  arsenic  is  a  not  infrequent  impurity  in  both  metals  and  sulfuric 
acid,  the  evil  odor  which  sometimes  accompanies  hydrogen  made  by 
use  of  "  commercial  "  materials  is  often  due  to  the  presence  of  traces 
of  arsine*  Arsine  is  a  gas  which  may  be  condensed  to  a  color- 
less liquid  at  —40**  C.  It  has  a  garlic  odor  and  is  intensely  poison- 
ous and  at  least  one  chemist  paid  his  life  as  a  forfeit  in  its  investi- 
gation (Gehlen.  1815).  If  the  gas  is  heated,  it  dissociates  into 
arsenic  and  hydrogen  and  the  reaction  is  but  slightly  reversible. 
This  is  the  basis  of  the  well-known  Marsh's  test,  which  is  carried 
out  as  indicated  in  Fig.  80.  In  the  gen- 
erator zinc  and  acid  free  from  arsenic  are 
allowed  to  react  until  the  apparatus  is  free 
from  air.  The  arsenic  solution  is  then 
added  and  the  hard  glass  tube  is  heated 
with  a  burner*    The  arsine  being  diasoci-  Fiq.so. 

ated,  arsenic  deposits  just  beyond  the  heated  area  (for  full  details 
consult  texts  on  toxicology).  Arsine  reacts  directly  with  silver 
nitrate  to  form  metallic  silver,  6AgN0:t  +  AsHa  +  3HsO-*6Ag + 
6HN0»  +  H*AsOi  (c/.  stibine).    Arsine  differs  from  ammonia  mark- 
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edly,  oot  alone  in  its  insolubility  in  water,  but  in  that  it  does 
unite  with  acids  to  form  arson ium  salts. 


Halides  of  Arsenic*  —  Arsenic  forms  two  series  of  derivatives 
in  which  it  acts  as  a  trivalent  and  pentavalent  element,  respectively • 
In  the  case  of  the  halides  only  trivalent  compounds  are  certainly 
known,  except  in  the  case  of  the  pentafluoride,  AsFg.  Arsenic 
trichloride  may  be  made  by  direct  action  of  chlorine  upon  arsenic 
and  when  an  excess  of  chlorine  is  added,  the  pentachloride  is  per- 
haps formed,  but  if  so,  it  decomposes  at  —  2S*.  It  is  most  prob- 
able that  the  pentachloride  does  form  at  least  evanescently,  since 
by  treatment  of  arsenic  with  chlorine  water  arsenic  acid  is  formed 
and  the  simplest  expression  of  the  reaction  is: 

2As  +  5CU  -*  2AsCl6, 
AsCU  +  5HtO  -^  As(0H)6  +  5HC1, 
As(OH).  ->  H»As04  +  HsO. 

Arsenic  trichloride  is  a  colorless  liquid  with  a  boiling  point  of 
132°,  but  which  fumes  strongly  in  the  air,  owing  to  its  reaction 
with  moisture.     With  cold  water  the  reaction  is 

AsCU  +  2HiO  -*  As{0H)2Cl  +  2HC1. 

If  the  water  and  chloride  are  boiled  together  arsenious  acid  is 

produced,  which,  in  turn,  gives  by  dehydration  arsenic  trioxide. 
This  behavior  is,  of  course,  in  line  with  the  general  behavior  of  _ 
non-metallic  halides.  ■ 

Oxides  and  Acids  of  Arsenic,  —  When  arsenic  is  burned  in 
the  air  the  normal  product  is  the  so-called  trioxide  which,  while 
its  vapor  has  a  density  corresponding  to  the  formula  AsiOa,  is  usu- 
ally formulated  as  AseOi.  This  is  reasonable,  since  we  have  no 
accurate  means  of  ascertaining  the  molecular  weight  of  the  solid 
oxide,  and  the  solid  form  is  the  one  ordinarily  employed.  It  may 
be  prepared  in  the  vitreous  or  amorphous  form  by  slow  deposition 
of  the  vapor.  By  crystallization  of  the  product  of  hydrolysis  of 
arsenic  trichloride,  the  crystalline  trioxide  is  prepared.  The  amor- 
phous variety  changes  on  standing  to  the  cry'stalline  condition  with 
evolution  of  heat  and  change  of  volume.  There  is  also  a  second 
crystalline  variety,  M 

The  vitreous  oxide  is  very  slightly  soluble  in  water,  about  3  ■ 
parts  per  100,  and  the  solubility  diminishes  on  standing,  i.e.,  the 
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crystalline  material  is  less  soluble.     In  solution  we  evidently  have 
an  equilibrium  system  as  indicated: 


AsjO»  +  3HaO  ^  2HjAbOi, 


Hpiou^  equilibrium  is  but  slowly  established  at  different  tempera- 
^ttiree.     In  general,  the  trioxide  acts  as  an  acid  anhydride  and  hence 

if  this  system  in  equihbriimi  with  sohd  oxide  be  treated  with  a  base 
j  the  solid  dissolves  by  reason  of  the  formation  of  salts  of  arsenious 
j     acid.     The  acid  has  not  been  isolated  as  such,  but  not  only  are  its 

salts  known,  but  the  salts  of  the  corresponding  pyro-  and  meta-acids 

have  been  prepared.    The  relation  between  these  acids  is  indicated 

by  the  formulee: 


/OH      HO  xOH 

2AB-0H-*        ^As-O-Aa;         +H|0^ 


OH 

ortho^cid 


pyro^cid 


meta-acJd 


AU  arsenites  except  alkali  arsenites  are  insoluble  in  water. 
AU  arsenites  are  reducing  agents  and  in  so  acting  are  converted 
to  arsenates  (vide  infra).  Heated  alone,  ar^nites  give  arsenates 
and  free  arsenic  and  are  reduced  by  heating  on  charcoal  to  arsenic. 
Arsenic  trioxide  is  ordinarily  known  as  white  arsenic  or  more 
Btinply  as  **  arsenic,"  It  and  the  salts  derived  from  it  are  used 
extensively  in  various  ways.  The  trioxide  is  used  as  an  insecticide, 
especially  in  the  preservation  of  the  skins  of  birds  and  animals 
in  taxidermy,  and  in  the  manufacture  of  glass  and  enamels.  The 
glasses  containing  arsenic  oxide  tend  to  crystallize  to  form  white 
opaque  glass,  such  as  milk  glass,  etc.  **  Arsenic  '*  is  sometimes  eaten 
by  mountain  climbers  and  others.  It  is  said  to  steady  the  nerves 
and  strengthen  the  respiration.  It  is  also  used  in  solution  in  sodium 
carbonate,  i.e.,  essentially  sodium  arsenite,  as  a  medicine  under  the 
name  *'  Fowler's  Solution/"  as  a  remedy  in  nervous  affections, 
I  euch  as  chorea,  etc.  Schoclc's  green  and  Paris  green,  or  Schwein- 
L^itrt  green  will  find  mention  later.    (See  copper  compounds.) 

■wyg 


The  pentoxide  may  not  be  prepared  by  burning  arsenic  in 
/gen,  as  with  phosphorusp  but  if  arsenic  acid  be  sufficiently 
beated  it  dehydrates,  giving  the  pentoxide  as  a  white,  amorphous 
masa.  If  heated  above  a  dull  redness,  it  decomposes  to  the 
trioxide  and  oxygen.  Like  phosphorus  pentoxide,  the  arsenic 
oxide  dissolves  readily  in  water,  forming  three  distinct  stages  of 
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hydration*  These  are  known  as  the  ortho-,  pyro-  and  meta-acids. 
The  reactions  may  be  formulated : 

AstOs  +  H2O  —  2HA80a  +  HiO  -^  H4A8JO7  +  H|0  -^  2H4ASO4. 
anhydride  meta-add  pyro-acid  ortho-acid 

There  is  possible,  of  course,  a  fourth  acid,  the  norma!  acid, 
As(OH)fi,  but*  if  formed  at  all,  neither  it  nor  its  salts  have  been 
isolated.  This  series  of  acids  offers  no  features  other  than  those 
already  discussed  under  phosphoric  acid.  Salts  of  the  arsenic 
acids  are  used  as  insecticides  in  the  form  of  tree  sprays,  the 
lead  arsenates  being  most  frequently  used. 


Other  Arsenic  Compounds.  —  Of  the  other  arsenic  compounds 
the  most  important  are  the  sulfides,  of  which  there  are  three 
Realgar,  AsjSj,  is  a  natural  compound  of  orange  red  color.  It 
is  used  as  a  pigment  and  also  to  make  ''white  light**  in  pyro- 
technics. It  can  be  made  artificially  by  subliming  arsenical  and 
iron  pyrites.  The  trisulfide^  AS2S3,  also  is  a  n^itural  compound 
and  is  formed  by  precipitation  of  arsemous  compounds  with  hydro- 
gen sulfide.  If  arsenious  oxide  solution  is  used,  precipitation  is 
sIow»  and  a  beautiful  illustration  of  a  colloidal  solution  is  furnished. 
The  powder  is  known  as  orpiment  or  king's  yellow.  When  sulf- 
arsenates  are  treated  with  acid  or  when  acid  solutions  of  arsenates 
in  hydrochloric  .acid  are  treated  with  hydrogen  sulfide  arsenic 
pentaaulfide,  As^Ss,  is  precipitated.  The  precipitate  also  contains 
A82S3.  The  explanation  of  the  precipitation  of  arsenic  sulfides 
by  HjS  is  usually  as  follows:  Arsenates  are  decomposed  by 
mineral  acids  to  form  free  arsenic  acid. 

Na»As04  +  SHCl  -^  SNaCl  +  HiAsO*, 
To  some  extent  this  suffers  dehydration: 

2H8ASO4  -^  H,0  +  AsiOfr, 
To  some  extent  it  is  also  reduced: 

HaAsO*  +  HjS  -*  H^AsOa  +  HjO  +  S. 
The  arsemous  acid  readily  dehydrates: 

2H3A8O,  -*  3HaO  +  AsaOa. 
Both  oxides  react  with  acid  to  form  salts: 

AsiOs  +  6HC1  ->  2AsCU  +  3HaO. 
AstOfi  +  lOHCI  -^  2AsCU  +  5H|0. 
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PHOSPHORUS,  ARSENIC,   ANTIMONY,  BISMUTH 

The  halogen  salts  furnish  arsenious  and  arsenic  ions,  which  then 
relict  with  the  hydrogen  sulfide  to  fornj  the  corresponding  sulfides. 
Both  the  arsenious  sulfide  and  the  arsenic  sulfide  are  amphoteric 
in  character  and  are  more  markedly  acidic  than  basic.  They 
dissolve  only  to  a  very  shght  extent  in  the  strongest  acids,  but 
with  basic  sulfides  react  readily  to  form  sulfur  compounds  analo- 
gous to  the  arsenious  and  arsenic  acids.     Thus: 

AssSa  +  3(NH4)i8  ^  2(NH*),AsS,, 
A82S5  +  3(NH4)jS  —  2(NH4)aAsS«. 

The  acids  corresponding  to  these  salts  are  unstable,  i^iving  the 
sulfides  and  hydrogen  sulfide  when  acidified  with  strong  acids. 
Tfiese  reactions  are  extensively  used  in  qualitative  analysis  as  the 
basis  of  separation  and  indentificatlon  of  arsenic  (c/.  antimbny 
reactions). 

Antimony 

Occurrence*  —  Antimony  in  very  small  quantities  occurs  free, 
thntigh  associated  with  arsenic.  Its  most  al)undant  ore  is  stibnite, 
which  is  sometimes  found  in  enormous  spear-like  crystals, 
*  v^M  naturally  o^'curnng  oxides,  Sb^Oi  and  Sb2()3,  are  also  known, 
A  red  ore  of  the  composition  ShaSaO  is  known  as  antimony  blende. 
Some  antimony,  like  arsenic,  is  found  in  sulfur  ores  of  other  metals 
and  js»  therefore,  found  in  the  smelter  fumes  or  flue  dust  as  an 
oxide* 

History,  —  Stibnite  has  long  been  employed  by  women  of  the 
orient  aa  a  cosmetic  and  medicine  (2  Kings,  9:30;  Ezekiel,  23:40). 
The  methods  of  preparation  and  the  properties,  real  and  imagi- 
nary, were  known  to  Basil  Valentine,  in  the  fourteenth  crntur>*. 
Owing  to  the  prominent  place  given  to  antimony  in  the  materia 
msdica  of  the  middle  ages,  the  element  and  its  salts  were  well 
investigated  by  the  iatrochemists,  and  Mellor  remarks  that  by 
the  end  of  the  eighteenth  century  its  properties  had  been  more 
carefully  investigated  than  those  of  any  other  element,  I^e  also 
quotes  Valentine's  awed  remark:  '*  He  who  would  write  of  anti- 
mony needs  a  great  consideration  and  a  most  ample  mind.  In 
tt  word^  one  man's  life  is  too  short  to  become  acquainted  with 
iD  i\B  luyHteriea/' 
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Preparation*  —  Antimony  may  be  extracted  from  stiboite  by 
heating  with  scrap  iron,  SbjSa  +  3Fe  ^  2Sb  +  3FeS,  tbe  anti- 
mony being  proteeteci  from  oxidation  by  the  molten  slag  of  sulfide. 
It  may  also  be  **  liquated/*  i.e.,  the  crude  ore  is  heated  until  the 
sulfide  melts  and  runs  oil  from  the  gangue.  The  liquated  sulfide 
is  then  roasted  for  conversion  to  oxide,  part  of  which  sublimes. 
The  oxide  is  reduced  by  charcoal.  The  crude  antimony  may  be 
purified  by  melting  with  suflScient  potassium  nitrate  to  oxidize 
the  impurities  such  as  arsenic.  A  considerable  amount  of  anti- 
mony is  now  prepared  from  the  flue  dust  of  the  copper  and  lead 
smelters. 

PropertieB*  —  It  is  a  metal-like  crystalline  solid  of  high  luster. 
It  ia  very  readily  powdered  and  is  frequently  used  in  that  form. 
It  is  a  poor  conductor  of  heat  and  electricity.  It  has  a  very  high 
specific  gravity,  6.7  to  6.8,  It  expands  slightly  on  changing  from 
the  Uquid  to  the  solid  state,  a  property  which  gives  to  it  moat  of  its 
uses  as  an  element*  It  melts  at  629**  and  boils  at  1440°.  It  can 
be  prepared  in  an  allotropic  form  by  slow  oxidation  of  stibine  at 
low  temperature.  (See  also  black  antimony,  Mellor,  p,  606.) 
It  tarnishes  very  slightly  in  moist  air.  It  combines  readily  with 
the  halogens,  sulfur,  phosphorus  and  arsenic.  It  is  not  acted  upon 
by  acids  as  such,  but  oxidizing  acids  convert  it  to  insoluble  oxides. 
Its  atomic  weight  is  120.2.  Its  molecular  complesdty  at  the  boiling 
point  is  three,  Sbg,  though  this  may  represent  a  mixture  of  mole- 
cules, Sb*  and  SI33.  The  specific  heat  varies  with  the  temperature, 
as  is  also  true  of  carbon,  boron,  etc.,  being  0.046  at  180°  and  0.0537 
at  300°,  ■ 

Vsen,  —  Antimony  is  used  t^  prepare  the  compounds  of  th© 
element  and  particularly  to  form  alloys  such  as  type  metals  (Fb  25, 
Sn  5,3b  20),  Britannia  metal  (Cu,  3  Sn  40,  Sb  7),  shrapnel,  etc.B 
Powdered,  it  is  also  used  to  burnish  plaster  casts,  etc.  Antimony 
compounds  were  formerly  very  much  used  as  a  medicine,  particu- 
larly as  cathartics  and  emetics,  and  the  metal  itself  as  what  were 
known  as  ''everlasting  pills.'*  At  the  present  time  antimony  com- 
pounds are  not  extensively  used.  For  the  composition  of  the  alloys 
containing  antimonyi  the  reader  is  referred  to  the  appendix. 


Stibine*  --^  Stibine  is  prepared  precisely  as  is  arsine  {q.v,).    There] 
is  this  distinction  between  the  properties  of  the  two  compounds,] 


1 

I 


I 
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Btibine  is  more  readily  decomposed  by  heat  and  the  mirror  of  me- 
tallic antimony  is  closer  to  the  flame  used  to  form  it.     The  spots 

formed  by  immersion  of  cold  surfaces  in  the  burning  gases  are 
blacker  than  those  of  arsenic  and  are  not  soluble  in  hypochlorite 
iolutjons  and  the  reaction  with  silver  nitrate  produces  not  metallie 
silver,  but  silver  antimonide^  SbAga. 

Halogen  Compounds,  —  Of  the  halogen  compounds  only  one» 
antimony  trichloride,  SbCIa,  need  be  mentioned*  It  was  known  to 
the  iatrochemists  and  called  '*  butter  of  antimony/'  It  is  a  crys- 
talline white  solid,  which  deliquesces  readily  by  absorption  of  water 
from  the  air,  forming  a  pasty  mass  and  finally  a  clear  liquid.  It  is 
soluble  in  water  and  is  hydrolyzed,  giving  antimonyl  chloride, 
oorresponding  to  the  oxy  salts  of  arsenic  and  bismuth.  Antimony 
trichloride  is  used  to  some  extent  as  a  caustic  in  foot  diseases  of 
sheep,  and  to  give  the  dull  finish  to  gun  barrels  and  other  steel  sur- 
faces. The  oxychloride,  SbOCI,  was  formerly  used  as  a  medicine 
under  the  name  of  "  powder  of  Algaroth/'  On  boiling  with  water  _ 
antimony  trichloride  hydrolyzes  completely  and  the  trioxide  is  I 
formed.  Antimony  pentachloride  is  a  liquid  which  fumes  strongly 
LD  the  air.  In  general^  it  behaves  aa  does  the  pentachloride  of 
phoepliorus*  '  M 

Oxides  and  Acids  of  Antimony.  —  Antimonious  oxide,  Sb?Oj,  is 
formed  when  antimony  is  burnedp  or  by  hydrolysis  and  subsequent 
dehydration  of  the  chloride  by  wat^r.  It  is  more  markedly  a  basic 
than  an  acid  oxide»  since  it  reacts  readily  with  acids  to  form  salts,  of 
which  the  most  important  is  a  basic  salt  formed  by  boiling  "cream 
of  tartar,"  KHCiHiOi,  with  the  oxide.  From  this  solution  cr>^s- 
taDizes  a  compound  having  the  composition  KSbOCiHiO*  *  iHjO. 
It  is  known  as  tartar  emetic  and  is  the  most  important  pharma- 
ceutical preparation  containing  antimony  which  is  at  present  in  use. 

If  the  antimony  trichloride  is  hydrolyzed,  the  hydroxide, 
Sb(OH)a,  is  obtained,  from  which^  by  suitable  treatment,  meta- 
antimonious  acid  may  be  prepared.  Both  acids  form  readily  hy- 
drolyzed  salts  with  bases.  There  are  no  special  features  of  these 
relations  not  also  presented  by  arsenious  acid  (q.v.). 

Antimony  pentoxide,  Hke  the  corresponding  arsenic  oxide,  is 
most  readily  prepared  by  heating  the  orthoantimonic  acid.  If 
^  ted  above  300°,  the  tctroxide  (>*/.  oxides  of  nitrogen)  is  formed, 
ssolvea  in  water  very  slightl}^  but  the  solution  is  acid.  The 
peotoxide  forms  no  salts  with  acids^  ue.f  it  is  not  basic. 


^ 
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Orthoantiinonie  at»id  is  made  by  oxidation  of  antimony  or  i 
salts  by  strong  oxidis^ing  agents  in  solution.  It  sepamt^^s  out  as 
white  powder,  which  m  apparently  partially  the  normal  acid.  The 
fomiula  assigned  it^  2H3Sb04  •  HgO.  On  Imng  heate<l  to  100°,  it 
is  changed  by  loss  of  water  to  pyroantimonit!  acid,  which  has  this 
distinction,  that  its  sodium  salt,  NaiH^vSl^sOr,  is  one  of  the  few 
fairly  insolul)le  salts  of  amliuni.  At  175°  the  pyro-acid  loses  an- 
other molecule  of  water,  fomiiiig  the  meta-acid.  A  sjvlt  of  this 
acidj  AgShOa,  is  precipitated  when  silver  nitrate  is  atlded  t^  the 
strongly  acid  solution  of  antimony  in  nitric  acid-  This  reaction  is 
used  in  the  identification  of  antimony. 

Thi€Mintimonate3.  —  When  antimony  trisulfide  is  precipitated 
(this  sulfide  is  orange-red  when  freshly  precipitated,  but  when 
melted  or  as  it  occurs  in  nature  is  black),  it  is  not  readily  soluble 
in  ammonium  sulfide  (NHJiS,  i.e.,  the  trisulfide  does  not  react  as 
an  acid  anhydride  to  any  considerable  degree.  It  is  soluble  in  the 
sulfides  of  the  stronger  alkalies  (see  StieglitZi  Qualitative  Analysis). 
With  addition  of  sulfur,  or  with  yellow  ammonium  sulfide,  soluble 
thioantimonates  are  readily  formed,  e.g.,  (NHi}3Sb84.  These  salts, 
on  being  acidified,  liberate  the  free  acid,  which  immediately  decom- 
poses, and  the  sulfide  precipitates.  The  reaction  is  used  in  the 
separation  of  antimony,  tin  and  arsenic  sulfides  from  other  insoluble 
sulfides.  Sodium  thioantimonate,  NaaSbi^li  •  9HjO,  is  a  remarkably 
beautiful  crystaUine  compound  known  ajs  *'  Schlippe's  salt."^ 
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Bismuth 

Bismuth  occurs  in  very  small  quantities  in  the  native  st 
Some  occurs  as  the  oxide,  BitOs  (bismuth  ocher),  and  as  the 
fide»  Bi2Sj  (bismuthite  or  bismuth  glance).     Some  bismuth  is  also] 
found  as  a  telhiride.     It  is  a  comparatively  rare  metal  and  weraj 
it  not  for  its  use  in  alloys  would  doubtless  be  classed  as  such. 

Historicai,  —  Bismuth  has  been  known  for  several  centuries ' 

and  was  at  first  confused  with  antimony  and  with  zinc.  Ita 
characteristics  were  first  clearly  defined  in  1739.  The  name  is 
of  German  origin,  probably  from  **  Weismuth,"  or  "  white  stuff.*' 

Preparation,  —  Bismuth  is  readily  prepared  by  roasting  the 
sulfide  and  fusing  with  charcoaL  The  crude  bismuth  is  sometimes 
refined  by  melting  oo  a  slightly  inclined  iron  plate,  so  that  the 
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bismuth  runs  off  into  molds,  *Miquaiion/*  while  the  impurities 
remain  on  the  plat«  or  are  volatilized.  Occasionally  impure 
bismuth  oxides,  formed  as  a  sublimate  in  smelting  ores  of  other 
metals,  are  treated  with  hydrochloric  acid  and  the  solution  pre- 
cipitated as  the  basic  chloride  by  dilution  with  water. 

Properties,  —  Bismuth  is  a  grayish  whit^  metal  with  a  peculiar 
jdish  tinge.  It  has  a  high  luster.  Its  melting  point  is  270^. 
diling  point,  1435°,  Bismuth  is  stable  in  the  air  and  tarnishes 
dightly,  if  at  all,  but  on  being  strongly  heated  burns  to  the  oxide, 
BijQi, 

Bismuth  is  a  very  faintly  amphoteric  element.     For  the  most 
t,  despite  its  family  relationships,  it  is  characteristically  metal- 
At  red  heat  it  decomposes  steara  with  liberation  of  hydrogen. 
unit'CS  directly  with  the  halogens.     No  hydrogen   compound 
orresponding  to  arsine  and  stibine  is  known.     It  does  not  dissolve 
acids  as  such,  but  is  oxidized  and  converted  to  salts  by  the 
idising  acids.     It   alloys   readily,   especially   with   lead,    which 
ction  gives  rise  to  its  most  important  applications.     The  metal 
elf  is  brittle  and  not  ductile.     The  atomic  weight  of  the  element 
1.0,  as  deduced  from  the  analysis  of  its  chloride  and  from 
tog  and  Pet  it's  law,  .  The  specific  heat  is  0,0303.     The  ele- 
ment is  ordinarily  trivalent,  though  in  the  form  of  oxides  both 
travalent  and  pentavalent  forms  are  known. 

Uses.  —  The  metal  alone  finds  no  practical  applications,  but  by 

>n  of  its  effect  on  the  melting  point  its  alloys  find  extensive 

as  type  and  fusible  metals.     The  alloys  of  lead  and  bismuth 

tfone  or  with  cadmium  and  antimony  also  may  be  proportioned 

m  as  to  melt  at  lower  temperatures  than  any  of  the  component 

Detals  alone.     Thus  Newton's  metal    (bismuth,   8  parts;    lead, 

I  parts;   tin,  3  parts)  melts  at  94.5°.     Wood  s  metal  (Bi,  4;  Pb,  2; 

1;   Sn,  1)  melts  at  60.5°.     These  and  alloys  of  higher  melting 

wnt  may  be  used  as  safety  plugs  in  aJiitomatic  fire  protection 

mces,  electric  connections,  gas  shutoffa,  etc.    The  remarkable 

leering  of  the  temperature  of  fusion  is  but  a  specific  case  of  the 

eoeral  effect  of  solutes  on  the  lowering  of  the  freezing  point  of 

its  and  emphasizes  the  character  of  alloys  as  solutions. 

CkinipoiuuU*  —  Only   two  of   the   many  compounds  demand 
mention.     These  are  the  chloride  and  the  Ditrat4i.     Bi«- 
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muth  trichloride,  BiCLi,  is  a  white,  crystalline,  deliquescent  solid. 
It  is  soluble  in  water^  but  hydrolyzes  readily,  ^od  tba  reaetioD 

BiCU  +  2HtO  ^  Bi(OH)jCl  +  2HC1, 

is  a  strikingly  interesting  example  of  reversible  reactions. 

The  hydroxychloride  dehydrates  even  in  water  forming  the 
oxycbloride,  BiOCl.  It  is  used  to  some  extent  as  a  pigment  under 
the  name  **  pearl  white,"  but  its  chief  importance  is  as  a  factor 
in  the  identification  of  bismuth  (see  qualitative  analysis),  M 

Bismuth  nitrate,  Bi(NOs)s,  may  be  formed  by  soliition  of" 
bismuth  in  strong  nitric  acid»  but  on  dilution  with  water  a  basic 
salt  is  formed  by  hydrolysis,  which  is  usually  described  as 
bismuth  oxynitrate,  Bi(Naj)i  +  2HaO  -^  Bi{0H)sNO3  +  2HN0i. 
When  dried  it  has  the  composition,  BiONO»  and  is  very  exten- 
sively used  in  intestinal  troubles  under  the  name  bismuth 
subnitrate  or  '*  bismuth/'  A  very  interesting  reaction  is  that 
sometimes  used  in  surgery.  Bismuth  subnitrate  is  administered 
to  a  patient  suspected  of  suffering  from  intestinal  obstruction. 
The  sulfur  compounds  in  the  intestinal  tracts  convert  it  to  the 
insoluble  bismuth  sulfide,  which  lodges  in  the  intestines  and  offers 
obstruction  to  the  passage  of  X-rays  through  the  body.  An 
X-ray  photograph  may  thus  be  taken,  showing  the  location  of 
the  obstruction. 

Exercises,  —  L  With  all  the  volatile  compounds  of  phosphorua  " 
it  is  found  that  the  weight  of  phosphorus  present  in  a  gram- 
molecular  volume  calculated  at  standard  conditions  is  either 
31  grams  or  an  integral  multiple  of  that  amount.  On  the  other 
hand,  phosphorus  vapor  under  like  circumstances  weighs  124 
grams.     What  conclusions  are  to  be  drawn  from  these  facts? 

2.  Prepare  a  drawing  indicating  the  **  cycle  *'  of  phosphorus 
in  nature. 

3.  What  volume  changes  occur  when  phosphorus  is  heated 
with  (a)  nitric  oxide,  (b)  nitrous  oxide,  (c)  nitrogen  peroxide? 

4.  Formulate  and  compare  the  reactions  between  sodium  hy- 
droxide and  phosphorus,  sulfur  and  chlorine. 

5.  Given  a  specimen  of  calcium  phosphate,  how  would  you  go 
about  it  to  prepare  (a)  ammonium  magnesium  phosphate,  (b)  phos-  ^ 
phine,  (c)  phosphorous  acid,  I 

6.  What  percentage  of  phosphorus  pentachloride  is  dissociated 
when  the  gram  molecular  weight  of  its  vapor  is  156  grams. 


PHOSPHORUS,  ARSENIC,  ANTIMONY,  BISMUTH  319 

7.  On  heating  calcium  sulfate  with  an  excess  of  phosphoric 
acid  to  a  red  heat  sulfuric  add  is  produced,  what  salt  remains? 
Fonnulate  the  reaction. 

8.  Fonnulate  the  reactions  between  tertiary  and  secondary 
flodiiim  phosphates  and  water  to  show  why  the  solutions  are  al- 
kaline. 

0.  The  earliest  matches  were  made  of  potassium  chlorate,  sugar 
and  sulfur  and  were  ignited  by  dipping  in  sulfuric  acid.  Formulate 
the  reactions. 

10.  Compare  the  chemical  and  phjrsical  properties  of  the  hy- 
(frides  of  nitrogen,  phosphorus,  arsenic  and  antimony. 

11.  Make  a  table  showing  the  formulse  of  the  corresponding 
adds  of  nitrogen,  phosphorus,  arsenic,  antimony  and  bismuth. 
Compare  these  acids  with  respect  to  stability  and  strength. 

12.  List  the  properties  of  the  elements  of  this  group  and  of 
Iheir  compoimds  which  indicate  (a)  basic  character,  (6)  acid  char- 
acter. 

13.  Formulate  and  explain  the  precipitation  of  SbtSs  from 
strongly  add  solutions  of  antimonates  by  hydrogen  sulfide. 

14.  How  would  you  undertake  to  prepare  Schlippe's  salt? 

15.  Calculate  the  molecular  weight  of  arsenic  from  the  vapor 
density  as  given  (p.  308).  Why  is  this  not  a  multiple  of  its 
atomic  wdght?    How  do  we  know  what  its  atomic  weight  is? 


CHAPTER  XVIII 
CARBON 


The  carbon  family  cootains  bufc  two  members  which  are  common 
elements  and  show  predoioiiiating  acidic  character,  The-se  are  car- 
bon and  siUcon.  The  other  members  are  either  rare  or  eharaeter- 
istically  basic.  These  two  are  extraordinarily  interesting  elements. 
Sihcon  is  the  element  which  is  of  second  hirgest  occurrence  in 
nature  and  is  the  central  factor  in  inorganic  compounds.  Carbon, 
on  the  other  hand,  is  the  fyndainental  factor  in  organic  materials. 
Both  elements  are  capable  of  taking  part  in  an  extraordinary  variety 
of  reactions  and  compounds,  and  anything  like  a  complete  discus- 
sion of  the  chemistry  of  either  would  carry  the  aubjert  far  beyond 
the  limits  of  our  present  purpose.  M 

Carbon  and  its  derivatives  are  of  such  vast  importance  that  ■ 
their  discussion  forms  a  distinct  subdivision  of  chemistry:    Or- 
ganic Chemistry,     The  detailed  study  of  the  natural  forms  of  sili- 
con compounds  makes  a  very  important  chapter  in  Mineralogy. 
Nevertheless,  neither  element  can  be  omitted  from  a  discussion  of 
general  chemistry,  not  only  because  the  discussion  would  be  in-  _ 
complete,  but  also  because  organic  chemistry  usually  assumes  a  fl 
knowledge  of  certain  phases  of  the  chemistry  of  carbon,  and  Min- 
eralogy seldom  concerns  itself  with  any  of  the  vast  number  of  de- 
rived forms  of  silicon  compounds.     It  will,  therefore,  be  the  purpose 
of  this  and  the  following  three  chapters  to  present  in  brief  outUne 
aome  of  these  particulars. 


Occurrence,  — ^  In  the  free  form^  carbon  occurs  in  nature  in 
three  allotropic  forms:  diamond,  graphite,  and  amorphous  carbon. 
The  diamond  is  a  crystalline  substance  of  the  regular  system  and  is  — 
rather  sparingly  distributed.  The  most  important  sources  are  I 
South  Africa,  Brazil,  India,  Borneo,  and  Australia.  Only  one 
known  source  is  in  the  United  States  —  Arkansas.  As  found,  the 
diamonds  are  usually  in  stream  beds,  whither  they  liave  Ijcen  washed 
from  the  disintegrated  "  pipes  "  of  heterogeneous  rocky  material, 
in  which  they  were  originally  imbedded.     In  some  localities  they 
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found  in  the  origioal  matrix.  They  are  supposed  to  be  of 
Icanic  origio.  The  natural  forma  are  usually  water-worn  or  cov- 
with  a  crust,  which  obscures  their  luster.  The  crystalline 
form  bears  no  relation  to  the  forms  into  which  they  are  cut  for 
use  as  jewels*  (Fig.  81.)  These  shapes  are  varied,  but  are  all 
designed  to  accentuate  the  reflection  of  light  from  interior  surfaces. 
Various  colors  of  diamonds  are  known.  The  **  diamonds  of  the 
first  water  "  are  nearly  or  quite 
colorless,  are  practically  pure 
carbon  and  are  free  from  f^aws. 
The  colored  varieties  contain 
slight  traces  of  foreign  materi- 
als* When  the  diamonds  are 
gray  or  black  and  more  or  less 
perfectly  crystallized,  they  are 
known  as  **Boart  **  or  **  Carbo- 
nado." These  imperfect  forms 
are  used  for  abrasives  or  in  cutting  tools,  though  their  importance 
has  diminished  in  this  direction  through  the  synthesis  of  carborun- 
dum (g*Vs).  The  Cullinan  is  the  largest  known  diamond,  weighing 
over  a  pound  and  a  quarter.  The  most  noted  diamonds  previous 
to  the  discovery  of  the  Cullinan  (1905)  were  the  Jubilee,  weight  49 
ams,  and  the  Kohinoor,  22  grams. 

The  diamond  is  sold  by  the  '*  carat/*  a  tann  derived  from  tbe  carat  bean 
formerly  used  bm  a  unit  of  weight  by  the  diamond  dealers  of  India.  A  carat  equals 
O.a07  grams. 
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Graphite  is  of  wide  distribution  and  is  sometimes  found  in 
large  deposits,  notably  in  Ceylon,  Canada,  etc.  It  also  occurs 
in  many  meteorites,  in  a  few  of  which  diamonds  are  also  found. 
Its  crystals  are  soft,  le^f-like  plates  of  the  hexagonal  system. 
The  substance  is  also  known  as  ^*  plumbago  **  and  as  *'  black 
lead,"  these  names  being  due  to  the  erroneous  impression  that 
it  contained  lead. 

Amorphous  carbon  is  the  term  applied  to  all  varieties  of  the 

element  in  which  crystaUine  structure  is  not  apparent.     It  includes 

charcoal,  coke,  soot,  etc.     Natural  deposits  of  pure  or  approxi- 

at^ly  pure  amorphous  carbon   are  not  known,  but  since  it  ia 

iroduced    by  the  imperfect   combustion  of  fuels,  such    as  coal, 

troleura,  etc.,  it  is  present  in  small  quantities  in  the  atmosphere 

cities.     Impure  amorphous  carbon  is  extremely  abundant  in 
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nature,  the  purest  form  being  the  better  grades  of  anthracite 
coal,  which  sometimes  run  as  high  as  95%  carbon.  The  various- 
grades  of  coal  are  produced  by  the  more  or  less  complete  trans- 
formation of  vegetable  material.  Thia  metamorphosis  has  taken 
place  through  the  effect  of  pressure  and  heat  and  slow  oxidation 
of  deposits  of  vegetable  material  and^  in  addition,  these  deposits 
contain  greater  or  smaller  quantities  of  mineral  matter  deposited 
at  the  same  time.  (For  full  details  of  the  origin  of  coal  deposits 
see  geological  references.)  Coal,  therefore,  according  to  source 
and  degree  of  transformation,  contains  varying  quantities  of 
carbon,  hydrogen,  oxygen,  nitrogen,  and  of  the  other  constituents 
of  wood  and  of  mineral  matter.  Indeed,  deposits  of  al!  degrees 
of  metamorphosis  and  of  purity  are  known.  These  varieties  are 
classified  and  their  typical  composition  is  shown  in  the  table 
below,  and  for  comparison  the  composition  of  wood  is  also  given. 
Coke  and  charcoal  are  usually  artificial,  but  natural  deposits 
are  known. 
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Carbon  also  occurs  in  nature  in  a  bewildering  variety  of  com* 
pounds,  both  of  inorganic  and  organic  type.  Attention  has  been 
already  called  to  the  essential  presence  of  hydrogen,  oxygen, 
nitrogen,  and  sulfur  in  all  bodies  of  matter  possessing  auto-loco- 
motive power.  The  fifth  essential,  the  quintessence  as  it  were, 
is  carbon.  Indeed^  all  organic  compounds  contain  carbon  and 
hydrogen  at  least.  (By  the  terra  organic  compound,  we  refer 
to  all  substances  composing  or  produced  by  living  organisms. 
It  is  true  that  through  synthesis  we  are  able  to  produce  many 
of  these  substances  artificially  and  also  true  that  many  synthetic 
conapounds  of  carbon  have  been  produced  which  are  unknown  in 
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natural  organisms,  yet  in  all  if  termed  organic,  the  element  carbon 
appears.     Hence  their  study  is  included  in  organic  chemistry.) 

Included,  then,  among  organic  compounds  occurring  in  nature 
we  have  not  only  living  plants  and  animala,  but  many  carbon* 
bearing  compounds  produced  by  their  decomposition.  The  most 
important  of  these  are  the  great  groups  of  substances  included 
under  the  terms  petroleum  and  natural  gas.  Of  these  more  anon. 
Mention  has  also  been  already  made  of  carbon  dioxide  {vide 
atmosphere)  as  a  constituent  of  the  atmosphere,  vast  quantities 
of  which  by  virtue  of  its  solubility  are  present  in  the  waters  of 
the  earth*  Carbonates  are  so  abundant  that  certain  mountain 
ranges  are  almost  wholly  composed  of  them  and  numerous  more 
or  lees  isolated  deposits  occur.  The  more  important  carbonates 
ire  dolomite,  CaCOa  *  MgCQi ;  limestone,  CaCO» ;  magnesite, 
MgCOs  and  siderite,  FeCOi.  Besides  these  there  are  numerous 
other  carbonate  ores.  With  mention  even  thus  relatively  briefly 
of  the  natural  forms  of  carbon,  it  is  rather  surprising  that  carbon 
comprises  only  about  0.19%  of  the  total  components  of  the  earth's 
crust  and  that  eleven  other  elements  are  more  abundant. 


Preparation*  —  Amorphous  carbon  is  prepared  in  three  special 
forms:  charcoal,  lampblack,  and  coke.  The  same  principle  is 
employed  in  all  cases,  volatilization  of  the  constituents,  other 
than  carbon,  by  heat  so  far  as  such  is  possible.  In  all  cases  min- 
eral constituents  remain  with  the  carbon.  The  raw  material  for 
charcoal  is  usually  vegetable  material,  mainly  wood.  The  dis- 
tillation is  carried  out  in  two  ways.  The  older  method  is  to  cover 
the  wood  in  the  form  of  heaped  logs  or  billets  with  sod  or  earth, 
leaving  a  few  openings  for  air.  The  wood  is  fired  and  allowed 
to  burn  slowly,  so  that  the  combustion  of  a  part  furnishes  the 
heat  to  drive  off  the  volatile  constituents  of  the  remainder.  All 
the  volatile  constituents  are  either  burned  or  lost  in  this  method, 
and  80%  to  90%  of  the  wood  is  destroyed.  The  volatile  material, 
consisting  chiefly  of  gases,  water,  and  smaller  amounts  of  alcohol, 
acetic  acid,  etc.,  are  saved  by  the  more  modern  method  of  dis- 
tillation in  retorts.  The  residue  varies  in  composition  and  quality 
according  to  method  and  temperature  employed.  The  finest 
charcoal  is  made  from  willow  wood.  Several  commercial  varieties 
are  distinguished  because  adapted  for  special  purposes,  such  as 
exceptionally  pure  carbon  made  by  heating  pure  sugar  — 
gar  cbarcoaL     Considerable  quantities  of  animal  charcoal  are 


made  by  heating  bones,  blood,  etc.,  in  closed  retorts  (see  uses  of 
charcoal).  The  variety  known  as  ivory  black  is  animal  charcoal 
from  which  the  mineral  matter  hav^  been  removed  by  means  of 
hydrochloric  acid.  Coke  is  prepared  from  coal^  the  bituminous^ 
variety,  by  distillation  of  the  volatile  factors,  both  in  the  '*  bee- 
hive "  oveo  and  in  closed  retorts  (see  Sci,  Am.»  Vol*  112,  p.  379). 
In  the  former,  the  volatile  constituents,  coal  tar,  gases,  etc.,  are 
lost.  In  the  latter,  they  are  frequently  the  materials  sought 
(Fig-  82).     The  manufacture  of  coke  and  its  by-products  is  one 


of  the  great  industries,  both  by  reason  of  the  extensive  applica* 
tions  of   coke   (q.v,)   and  because  of  the  value  of   the  gas  and 
tar  (q.p.)*     Lampblack  is  made  by  the  imperfect  combustion  of 
petroleum  or  oaf  ural  gas,  and  various  systems  for  the  practical  M 
performance  of  the  task  are  employed.  ■ 

Graphite  is  now  manufactured  on  a  commercial  scale  by  what 
is  known  as  the  Achcson  process  (1907).  Coke,  or  charcoal, 
and  coal  tar  are  ground  together  to  form  a  pasty  mass,  which 
is  molded  into  the  desired  form  and  then  heated,  out  of  contact 
with  the  air,  to  the  highest  temperature  possible,  by  means  of 
an  electric  furnace*  On  account  of  the  extensive  and  growing 
practical  uses  of  graphite  (^.».),  this  industry  is  of  increasing 
importance.     Vast  quantities  of  graphite  are  manufactured  in- 


^ 


cident  to  the  preparation  of  pig  iron,  which  eontainB  about  4% 
of  it. 

Diamonds  were  first  prepared  artificially  by  Moissan  (1887) 
by  dissolving  carbon  in  molten  iron  and  suddenly  cooling  the  sohi- 
lion  by  plunging  the  molten  mass  into  cold  water.  The  outside. 
of  the  mass  being  thus  hardened,  the  inner  portion  solidified  more 
dowty  and  under  immense  pressure  since  solidification  of  the  mass 
is  witJi  increase  of  volume.  The  diamonds  so  produced  were  of 
aUnofit  microscopic  dimensions,  and  the  method  has  not  been  de- 
veloped to  practical  operation.  It  is  chiefly  interesting  as  showing 
how  diamonds  are  undoubtedly  formed  in  nature. 
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Properties^  Physical  and  ChemicaL  —  The  specific  gravity  of 
the  diamond  is  3.5  with  a  small  range  of  variation  among  the  differ- 
ent kinds.  It  is  the  hardest  of  known  substances  and  is  insoluble 
to  any  marked  degree  in  any  solvent  at  ordinary  temperatures. 
lit  is  also  unaffected  by  acids  or  most  oxidizing  agents.  When  pure, 
it  is  transparent  and  has  a  very  high  refractive  index,  2.417  for 
sodium  Hght,  and  very  great  dispersive  power.  As  used,  the  natural 
octahedral  or  the  w^ater-worn  material,  is  cut  in  order  to  accentu- 
ate these  light  effects  and  give  to  it  the  power  to  reflect  and 
refract  light,  and  furnish  the  sparkle  and  brilliant  colors  which, 
^together  with  its  rarity^  make  it  prized  as  a  jewel.  The  diamond, 
:e  glass,  which  is  frequently  used  as  an  imitation  under  the 
name  of  paste  or  strass,  is  transparent  to  X-rays  and  fluoresces 
in  the  dark  when  brought  into  the  neighborhood  of  radium  or  other 
radioactive  substances.  These  properties,  together  with  its  hard- 
ness, render  detection  of  such  imitations  rather  simple.  When 
treated  with  very  powerful  oxidizing  agents  at  high  temperatures, 
the  diamond  is  slowly  oxidized.  When  heated  in  the  air  to  from 
800**  to  900°  it  burns  with  difiiculty  and  if  the  diamond  be  pure,  the 
product  is  carbon  dioxide*  Of  course,  impure  samples  yield  vary- 
ing quantities  of  ash.  If  heated  in  the  absence  of  air,  it  remains 
unchanged  until  a  temperature  approaching  2000*  is  reached, 
when  it  swells  and  becomes  a  black  graphitic  mass. 

Graphite  has  a  specific  gravity  of  about  2.3,  though  the  vari- 
ous natural  forms  show  specific  gravities  ranging  from  but  little 
more  than  that  of  amorphous  carbon  to  nearly  that  of  diamond. 

already  mentioned,  it  is  made  up  of  more  or  less  definitely  formed 

onoclinic  crystals   in  six-sided   leaflets.    The  leaflets  are  very 

smooth  and  soft  and  move  over  each  other  with  little  friction. 
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The  material  also  clings  readily  to  surfaces  of  wood  or  iron  and  is 
unchanged  by  heating.  These  properties  are  utilized  in  lubri- 
cation of  wooden  or  iron  bearings,  in  the  latter  case  especially 
when  high  temperatures  are  involved.  At  high  teraperatures  it  is 
the  raost  stable  form  of  carbon.  It  will  burn  a  little  more  readilj 
than  the  diamond,  igiiitioo  temperature  about  700**,  but  is  still 
very  difficult  to  burn,  especially  when  mixed  with  clay.  It  is  oxi- 
dized by  reagents  more  readily  than  the  diamond  and  when  treated 
repeatedly  with  a  pasty  mixture  of  potassium  chlorate  and  nitric 
acid  at  100'^  is  converted  to  a  yellow  mass  known  as  graphitic  acid, 
of  uncertain  composition.  This  treatment  leaves  the  diamond 
unaflfected  and  converts  amorphous  carbon  to  a  soluble  brownish 
material  Natural  graphites  give,  on  burning,  carbon  dioxide  and 
usually  a  very  considerable  percentage  of  ash. 

Amorphous  carbon  is  practically  never  pure,  even  sugar  char- 
coal retaining  a  trace  of  hydrogen.  Its  specific  gravity  varies  from 
1.45  up  to  nearly  the  specific  gra^Hty  of  graphite,  according  to  the 
material  and  method  used  for  its  preparation.  It  usually  varies 
between  the  limits  of  1.70  to  1.90.  It  is  probable  that  no  sample 
is  a  pure  chemical  individual.  Since  it,  as  the  diamond  and  graphite 
also,  is  insoluble  in  all  solvents  suitable  for  the  purpose,  we  know 
next  to  nothing  of  the  molecular  complexity  of  the  diflferent  forms. 
Also  as  a  necessary  consequence  of  the  modes  of  preparation  it  has 
widely  varying  proportions  of  foreign  material,  ranging  from  nearly 
90  per  cent  in  bone  black  to  traces  in  sugar  charcoal.  By  conse- 
quence of  these  variations,  it  is  difficult  to  assert  definite  proper- 
ties without  undue  circumlocution.  In  general,  however,  it  is 
characteriased  by  a  large  absorptive  power  for  gases  and  also  for 
many  varieties  of  coloring  and  other  soluble  materials.  This  is 
particularly  true  of  animal  charcoal,  from  which  the  calcium  and 
other  phosphates  have  been  removed  by  treatment  with  acid. 
The  amounts  of  the  gases  so  absorbed  are  greater  the  lower  the 
temperature,  and  are  also  greater  with  the  more  easily  liquefiable 
gases.  Thus,  a  given  variety  of  charcoal  has  been  shown  to  absorb 
171  volumes  of  ammonia,  65  of  carbon  dioxide,  or  15  of  nitrogen, 
at  0*p  while  at  —185^,  it  will  absorb  230  volumes  of  ammonia. 
By  contrast  with  platinum  and  palladium,  it  absorbs  very  small 
volumes  of  hydrogen.  The  absorbed  gases  are,  probably  by  reason 
of  increased  concentration,  more  active  chemically  than  in  the  free 
condition.  This  absorptive  power  leads  to  many  interesting  uses 
(rtieuses). 
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Carbon  has,  according  to  the  type  used,  an  ignition  tempera- 
ture varying  from  300''  up  to  nearly  that  of  graphite.  Indeed, 
due  to  occlusion  of  oxygen  from  the  air,  sufficiently  finely  divided 
charcoal  may  ignite  spontaneously,  i.e,,  the  slow  reaction  at  first 
initiated  may  produce  sufficient  heat  to  induce  rapid  combustion. 
This  19  a  very  serious  factor  in  the  storage  of  large  masses  of  fine 
coal.  The  product  of  its  reaction  with  oxygen  is,  according  to 
the  temperature  employed  or  the  relative  proportions,  either 
carbon  monoxide  or  the  dioxide.  {Vide  carbon  dioxide.)  Since 
the  aflSnity  of  carbon  for  ox>'gen  is  great  and  the  product  ia  a 
gas  {vide  equilibrium),  it  will,  at  high  temperatures,  remove  oxygen 
from  many  metalMc  oxides.  For  this  purpose  either  charcoal  or 
coke  or  some  other  form  of  carbon  may  be  used,  but  the  porosity, 
hardness  and  convenient  sizes  of  coke  renders  its  use  in  the  huge 
iron  furnaces  especially  practicable.  At  high  temperatures,  car- 
bon unites  with  many  elements  and  when  these  are  metals  the 
products  are  called  carbides  (q.v.).  It  also  unites  with  hydrogen 
{pide  acetylene),  nitrogen  (vide  cyanogen),  sulfur  (nde  carbon 
disulfide),  silicon  {nde  carborundum),  etc. 


\ 


Ubbb.  —  Clear  and  flawless  diamonds  are  used  for  jewels.  In- 
or  diamonds  are  used  for  cutting  glass  and  for  diamond  drills 
and  for  such  work  as  requires  a  very  hard  abrasive  material.  In 
this  connection,  carborundum  and  artificial  boron  are  being  sub- 
stituted. Graphite  is,  as  already  mentioned,  used  extensively 
as  a  lubricant  in  bearings  likely  to  heat  and  in  chain  bearings, 
such  as  those  on  bicycles.  It  is  mixed  with  fine  clay  or  other 
cementing  materials  to  make  lead  pencils,*  hence  the  name  (from 
ypaffHn  =  I  write)*  Also  mixed  clay,  sand  and  graphite  in  the 
ratio  of  75  :  25  :  100  is  used  to  make  crucibles  for  the  manufacture 
of  crucible  steel  and  other  metallurgical  processes  where  a  high 
degree  of  refractoriness  is  needed.  In  the  form  of  large  sticks 
it  is  used  to  make  the  electrodes  for  electric  arc  light^s,  electro- 
lytic processes,  etc.  This  use  is  extended  to  the  manufacture  of 
electric  furnaces,  both  of  the  arc  and  of  the  resistance  type.  In 
the  latter  case,  the  graphite  is  mixed  with  carborundum  and  clay, 
or  with  infusorial  earth  or  with  alundum  (q.v.)  Because  of  the 
ioderate  conductivity  of  the  graphite  as  indicated  by  its  appli- 
tions  just   mentioned,   it   is  also   used   tu   coat   non-conducting 

*  The  world's  production  of  lead  pencils  is  2,000,000,000  yearly  aod  of  the 
fnited  State  750.000,000. 
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fiurfaceg  which  arc  to  be  electroplated.     It  ia  also  used  for  stove 
polish,  polish  for  gunpowrjpr,  etc. 

Amorphous  carbon  finds  such  an  enormous  variety  and  extent 
of  practical  appH cation  as  almost  to  prevent  an  attempt  at  enu- 
meration. Most  of  these  applications  depend  upon  the  equilib- 
rium between  carbon  and  its  compounds  and  oxygen*  Becauda 
of  this  the  system  needs  only  to  be  heat-ed  in  order  to  produce 
formation  of  carbon  monoxide  or  carbon  dioxide,  and  since  the 
reaction  is  exothermic  (see  heat  of  combustion),  carbon  in  the 
various  forms  from  wood  to  coke  finds  its  chief  application  id 
the  production  of  heat,  both  for  domestic  and  power  purposes.  For 
the  same  reasons,  enormous  quantities  of  coke,  charcoal  and  coal 
are  used  in  metallurgical  processes  to  reduce  the  oxide-s  of  metals. 
Coal  is  also  used  to  produce  gas  by  distillation  (see  coal  gas). 
Lampblack  is  used  in  enormous  quantities  whenever  a  black 
pigment  is  desired,  such  as  in  printer's  ink,  shoe  and  stove  polish^ 
paints^  etc.  Animal  charcoal  is  used  to  remove  coloring  matter 
and  dissolved  gases  from  liquids  and  hence  finds  appUcation  in 
the  refining  of  sugar  and  similar  operations.  Charcoal  filters  for 
water  are  frequently  employed.  This  absorptive  power  of  carbon 
for  gases  at  low  temperatures  is  employed  in  a  very  interesting 
case,  the  production  of  very  high  vacua.  Sewers  and  other 
foul  places  are  purified  by  addition  of  charcoal  by  utilization 
of  this  same  property,  and  charcoal  is  used  medicinally  for  the 
same  reason.  It  will  be  seen,  therefore,  even  from  the  above 
hasty  r6sum^j  that  carbon  in  its  varied  forms  and  degrees  of  purity 
holds  an  unrivaled  place  among  the  elements  in  its  adaptabiUty 
to  human  needs  and  desires. 


The  m oxide  and  Carbonic  Acid.  —  Carbon  forms  two  well- 
known  oxides,  carbon  dioxide  and  carbon  monoxide.  There  is 
certainly  one  other  oxide,  carbon  suboxide,  C^Oj,  and  at  least 
two  others  are  reported,  but  attention  is  not  directed  to  these 
last  because  of  relative  unimportance.  The  dioxide  and  monoxidoj 
however,  play  very  important  r61es  and  will  be  somewhat  fully 
discussed.  The  dioxide  occurs  in  vast  quantities  in  the  air,  _ 
While  the  percentage  content  of  the  sea  and  siu-faee  waters  is  ■ 
small,  in  the  aggregate,  vast  amounts  are  present  in  water.  Many 
springs  which  have  access  to  subterranean  sources  of  the  gas 
are  highly  charged  with  it,  and  when  the  water  reaches  the  sur- 
face, the  escape  of  the  gas  causes  the  phenomenon  of  effervescence. 
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are  many  sources  of  carbon  dioxide  in  the  form  of  gas 
and  volcanoes*  In  certain  localities  it  is  constantly  sup- 
at  a  rate  greater  than  its  rate  of  diffusion  and,  since  it  is 
heavier  than  air,  it  flows  downward  like  a  stream»  This  is  the 
case  in  the  famous  Grotto  del  Cane  near  Naples.  This  accountis 
tor  its  accumulation  also  in  old  wells,  mines,  etc.  Its  compoundj?, 
the  carbonates,  are  of  enormous  extent  in  nature,  the  most  com- 
mon forms  being  the  carbonates  of  calcium  (limestone,  calcite, 
ftragonite,  etc.),  magnesium  carbonate,  and  the  double  salt, 
dolomite  (CaCOs  *  MgCOa).  The  carbonates  of  many  other  metals 
are  also  more  or  less  common  minerals. 

I  It  is  certain  that  carbon  dioxide  was  recognized  long  ago. 
but  its  definite  recognition  as  a  chemical  individual  we  owe  to 
Dr,  Black,  a  Scotch  scientist,  in  1755,  who  called  it  ^'  fixed  air  '* 
because  absorbed  by  the  caustic  alkalies.  Lavoisier  recognized 
its  chemical  nature  as  an  **  acid/'  or  as  we  say,  an  anhydride, 
and  showed  it  to  be  an  oxide  of  carbon. 

It  is  formed  when  carbon  or  carbon  compounds  are  burned  with 
free  access  of  air  at  not  too  high  a  temperature.  It  is  also  formed 
when  limestone  is  heated  to  manufacture  lime,  and  it  is  occasionally 
collected  from  this  source.  It  is  formed  in  the  process  of  fermenta- 
tion of  sugar  by  yeast  in  the  manufacture  of  bread,  beer,  wine,  etc., 
the  other  product  being  alcohol.  Frequently,  the  carbon  dioxide 
is  collected  for  use  from  the  product  of  the  beer  vat.  It  is,  of  course, 
a  product  of  the  combustion  of  animal  tissue  and  is  present  to  an 
extent  of  about  4  per  cent  in  expired  air.  In  the  laboratory,  it 
is  prepared  usually  by  treatment  of  a  carbonate  with  an  acid. 
Most  common  acids,  even  acetic,  are  strong  enough  to  displace 
carbon  dioxide  at  a  reasonable  rate  unless  the  salt  formed  protects 
the  carbonate  from  the  action  of  the  acid,  as  is  the  case  with  lime- 
stone and  sulfuric  acid.  Mineral  carbonates  are  less  readily  de- 
composed  than  are  freshly  formed  samples  of  like  type. 

The  gas  is  colorless  and  odorless,  though  when  inhaled  through 
the  nose  it  gives  a  tingling  sensation,  due  probably  to  its  solution 
as  carbonic  acid.  It  has  a  pleasant  acid  taste.  Its  specific  gravity 
is  1.529  and  consequently  it  diffuses  very  slowly  and  may,  therefore, 
be  collected  by  displacement  of  air  without  very  great  loss.  Its 
critical  temperature  is  31.1'*  and  the  critical  pressure  is  77  atmos- 
pheres. (Set!  Fig.  83.)  It  will  be  noted  that  the  pressure  re- 
quired to  keep  it  liquid  at  ordinary  temperatures  is  very  considerable 
and  hence  the  liquid  is  kept  in  very  heavy  iron  cylinders.    The 
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boiling  point  of  the  liquid  is  —78.2*.  The  latent  heat  of  vaporiza- 
tion of  the  liquid  is,  at  0*,  57.5  cal,  per  gram,  When  the  hquid 
evaporates,  if  heat  is  not  supplied  rapidly,  the  temperature  is  low- 
ered in  the  residue  to  the  freezing  point,  which  is  at  atmospheric 
pressure  only  —  79**.  The  soHd  carbon  dioxide  is  a  snowUke  maaaj 
which  sublimes  readily,  and  by  reason  of  the  heat  absorption  olP 

the    process    it    proceeds     but 
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slowly  in  the  air.  The  snow 
may,  therefore,  be  handled  in 
various  ways,  which  seem  very 
remarkable,  considering  the  very 
low  temperature  of  the  sub- 
stance. The  solid  contracts  on 
melting  and  hence  the  melting 
point  18  raised  by  pressure,  being 
only  —56^  at  a  pressure  of  5 
atmospheres.  The  soUd  is  a 
poor  conductor  of  heat.  It  dis- 
solves readily  in  ether^  chloroform  or  alcohol  and  these  solutions 
are  extraordinarily  good  freezing  mixtures  and  with  them  tempera- 
tures approaching  —110°  can  be  obtained.  By  use  of  reduced 
pressure,  to  induce  rapid  evaporation,  the  temperature  may  be 
lowered  even  to  — 140*, 

Carbon  dioxide  has  at  15**  a  solubility  in  water  of  1  cc.  per  cc, 
of  water  and  increases  nearly  in  accord  with  Henry's  law  until 
four  to  five  atmospheres  is  reached.  At  higher  pressxires  the  rate 
of  solution  increases.  When  saturated  solutions  have  opportunity 
to  liberate  gas,  the  rapid  escape  of  gas  bubbles  carries  minute 
droplets  of  water  a  short  distance  above  the  Equid  surface,  the 
return  of  which  gives  rise  to  the  rainlike  appearance  known  as 
eflfervescence.  The  saturated  solution  at  from  2  to  3  atmospheres 
is  known  as  '*  soda  water ''  because  the  carbon  dioxide  used  was 
originally  prepared  by  use  of  sodium  bicarbonate  and  sulfuric  acid. 
The  same  phenomenon,  effervescence  {and  accompanied  by  the 
formation  of  bubbles,  froth,  when  any  increase  of  \nscosity  is 
produced  by  use  of  other  solutes),  occurs  in  carbonated  liquors 
such  as  beer^  champagne,  etc.,  in  which  the  carbon  dioxide  is  pres- 
ent for  the  sake  of  its  own  pleasant  taste,  as  well  as  to  mask  the 
insipidity  of  the  liquors.  The  solution  in  water  is  a  fairiy  acid 
substance  and  presents  the  equilibrium  syst^^m  COt  +  HtO  j=^ 
H.COa  i=^  H**  +  H'COi  ^  H**  +  C0»"-    The  same  remarks  apply, 
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with  suitable  modifications,  to  this  system  as  were  made  concerning 
the  ammonia  and  sulfur  dioxide  systems  (q.v.)  It  reacts  as  a  di- 
kamc  acid  and  the  neutral  salts  are  readily  hydrolyzed  in  solution 
because  of  the  weakness  of  the  acid  (vide  p,  183).  The  carbonates 
of  all  the  metals  other  than  those  of  the  alkahes  are  but  slightly 
soluble  in  water,  but  consideration  of  the  system, 

M  •  COa  ^  MCO3  +  H,X  fifc  MX  +  HjCO,  i=t  UtO  +  CO,  ^  CO,. 

sdid  fiolution  solution      gas 

wcmld  indicate  that  they  are  readily  soluble  in  acids*  The  acid 
Ealts  or  bicarbonates  are  more  soluble  than  the  neutral  salts  and 
ire  also  unstable,  so  that  if  the  system, 

-  H,0  +  CO,  ^  H,COj  +  CaCOa  ^  Ca(HCOa),  (soluble) 

^  CaCQ,  (solid) 

I  18  subjected  to  increa^d  pressure  of  carbon  dioxide,  increased  quan- 
I  Uties  of  the  acid  carbonate  are  formed.  When  the  carbon  dioxide 
I  preaBure  is  dinmushed,  the  83r8tem  moves  to  the  left.  These  con- 
I  iiderations  explain  the  formation  of  *'  hard  **  water  in  limestone 
or  other  mineral  carbonate  regions  and  the  discharge  of  this  type 
of  hardness  by  boiling.  They  also  account  not  only  for  the  for- 
mation of  caves  such  as  the  famous  Mammoth  Cave  of  Kentucky 
wid  the  '*  Sinks  "  of  Florida^  but  also  for  the  stalactites  and  stalag- 
mites which  so  weirdly  decorate  such  caves  {mde  also  water  softening). 
Carbon  dioxide  itself  is  a  very  stable  substance,  beginning  ap- 
preciably to  decompose  only  at  relatively  high  temperatures,  e.g., 
at  1300**,  the  decomposition  is  only  0,004  per  cent  and  at  1500** 
&bout  0.5  per  cent.  This  system,  2C0t  <=*  2C0  -f-  O3  is,  however, 
Daade  to  move  in  the  direction  —►  when  oxygen-consuming  materials 
are  present  {vide  carbon  monoxide) »  This  is,  of  course,  only  ma- 
terifidly  possible  at  high  temperatures.  Since  carbon  dioxide  rep- 
resents the  maximum  oxidation  of  carbon  it  cannot  burn  and 
because  of  its  stability  it  is  not  a  supporter  of  combustion,  hence 
it  cannot  support  respiration  and,  by  exclusion  of  the  essential 
oxygen,  if  inhaled,  produces,  or  tends  to  produce,  suffocation. 
The  discussion  of  the  varied  properties  of  carbon  dioxide  fore- 
shadows the  practical  applications.  Being  a  by-product  of  so 
many  reactions  and  of  such  varied  and  extensive  occurrence  in 
nature,  its  cost  is  solely  dependent  upon  the  diffifulties  attending 
its  collection  and  control.  At  present  it  is  used  commercially  for  the 
most  part  aa  a  liquid.     The  cylinders  of  liquid  are  prepared  at  suit- 
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able  locations,  great  breweries,  lime  kilns,  natural  springs,  etc., 
and  thence  shipped  for  use  in  the  preparation  of  soda  water  ao^ 
other  effervescent  drinks,  some  of  which  are  artificial  mineral  watei^ 
made  in  imitation  of  natural  carbonated  waters.  Carbon  dioxide 
is  also  manufactured,  as  used,  in  "  chemical  engines ''  and  hand 
fire  extinguishers.  The  materials  employed  are  usually  sodium 
bicarbonate  and  sulfuric  acid  or  alum  and  the  pressure  produced 
by  the  development  of  the  gas  is  utiKzed  to  force  the  stream  upon 
the  burning  bodies.  It  functions  in  this  connection  chiefly  by 
displacement  of  the  oxygen.  The  liquid  dioxide  is  used  as  a  re- 
frigerant on  shipboard,  where  the  use  of  ammonia  for  this  purpose 
is  undesirable  because  of  odors  produced  through  leakage. 


iposea 


Cycle  of  Carbon  in  Nature,  —  Carbon  dioxide  is  decomj 
by  plants,  oxygen  being  liberated.  The  energy  required  for  this 
reaction  is  derived  from  sunlight  and  the  suitable  conditions  are 
supplied  by  chlorophyll.  Apparently  the  first  step  is  COa  +  HiO 
^  CH2O  +  O2  and  the  first  product,  formaldehyde,  is,  by  polym- 
erization and  by  partial  dehydration  of  the  polymerized  products 
converted  into  cellulose,  starch,  sugars,  etc*  These  materials  are 
then  utilized  by  animals*  This  withdrawal  of  carbon  dioxide 
from  the  air  would  ultimately  cause  plant  starvation  except  for 
the  replacement  due  to  decay,  respiration,  combustion,  etc.,  and 
the  supply  from  subterranean  sources.  A  portion  of  the  total 
withdrawal  is  permanent,  except  in  geological  sense,  in  two  ways: 
First,  a  greater  or  smaller  amoxmt  of  organic  material  is  enabled 
to  escape  decay  through  deposition  under  water  and  the  formation 
of  the  scries  of  metamorphoses  —  wood  — >  peat  — *  soft  coal  — * 
hard  coal.  These  supplies  are  Nature's  *'  conservation  for  pos- 
terity." Second,  soils  are  formed  by  the  decay  of  rocks  and  the 
disintegrating  factors,  oxygen  and  carbonic  acid,  acting  under 
varying  temperature  and  consequent  volume  and  rate  changes, 
produce  the  insoluble  soil  constituents,  and  carbonates  which  are 
soluble.  These  soluble  carbonates  ultimately  find  their  way  to 
the  sea,  and  there  produce  insoluble  carbonates.  These  are  now 
unavailable  for  Nature's  uses  until  the  next  geological  epoch. 
The  reactions  involved  are  fairly  complex,  but  may  be  typified 
by  the  following: 

2NaAlSi30a  +  HjCOs  ->  Na^COi  +  2HAlSiiO», 

feldspar  clay 

NaaCO)  +  MgCli  —  2NaCI  +  MgCO,. 
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Carban  Monoxide.  —  Tbis  substance  seldom  occurs  in  nature,* 

lit  is  formed  when  carbon  is  burned  in  an  air  supply  insufficient 

produce  the  dioxide.     It  is  formed  in  great  quantities  in  a 

iber   of  industrial  operations,   of  which   the  most  important 

the  smelting  of  iron  and  the  manufacture  of  water  gas  and 

luccr  gas  (<2.f.).     It  is  to  be  observed  burning  with  a  bltie 

fliune  over  the  heated  surface  of  a  coal  fire.     In  the  laboratory 

H  is  ordinarily  prepared  by  heating  oxalic  acid  with  sulfuric  acid: 

H2C2O4  +  (H2SO4)  -^  UtO  +  CO2  +  CO. 

The  sulfuric  acid  is  used  as  a  dehydrating  agent.     The  dioxide 

k   absorbed    by    paasing    the    gases   through    alkaline   solutions. 

Formic  acid  may  be  employed  instead  of  oxalic  acid,  in  which 

ease  only  carbon  monoxide  is  obtained  and  heating  is  unnecessary^ 

HCHOj  ^  HiO  +  CO. 

The  gas  is  colorless,  tasteless,  odorless,  and  practically  insoluble 
in  water  (3  vol.  to  100)<  Its  specific  gravity  is  0.9672,  or  prac- 
tically that  of  air.  Its  molecular  weight  is,  therefore,  28,  It 
liquefies  under  atmospheric  pressure  at  —190*'  and  is  solid  at 
«— 203^-  It  is  intensely  poisonous  and  very  minute  concentrations 
of  it  in  the  air  will  cause  illness  and  death  if  inhalation  is  pro- 
tjaeted.  The  time  required  for  the  production  of  serious  symp- 
toms naturally  is  shortened  by  increased  concentrations.  Many 
fatal  accidents  are  due  to  it,  since  imperfect  combustion  may 
readily  take  place  in  stoves,  gas  heaters,  charcoal  braziers,  etc., 
and  because  it  is  a  constituent  of  fuel  gases  (q.v.).  It  is  also  used 
with  suicidal  intent.  The  poisonous  behavior  of  the  gas  is  ap- 
parently due  to  its  property  of  combining  with  the  hemoglobin 
of  the  blood  to  form  a  slightly  more  stable  compound  than  oxy- 
hemoglobin and  which  is  not  decomposed  by  the  tissues  which 
are  oxidized  by  the  latter.  The  sufferer  is  thus  effectually  suf- 
focated, even  in  the  presence  of  abundant  oxygen.  The  gas 
bums  readily  in  the  air,  producing  carbon  dioxide.  This  action 
is  reversible  at  high  temperatures,  and  in  consequence  the  oxide 
is  formed  when  carbon  dioxide  is  heated  in  the  presence  of  carbon, 
iron,  zinc,  etc.  In  general,  the  oxide  is  stable  and  will  not  give 
_iip  its  oxygen  readily,  but  if  heated  with  iron,  the  oxide  is  reduced: 
Fe  +  CO  i^  FeO  +  C. 

•  Langdon  (Jour.  Am.  Chem.  Soc,  Vol.  XXXIX,  p.  149,  1917)  has  ahown 
^that  the  gAS  contaiiaed  in  the  Boaters  of  the  giaot  kelp  oontatoa  quAutities  of  caf- 
boo  monoxido  varying  from  1  to  12  per  cent. 
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This  action  begins  as  low  as  330*^ »  and  is  facilitated  by  incre 
of  temperature,  but  less  rapidly  than  the  reverse  action.    Th 
behavior  of  the  monoxide  is  of  importance  in  the  emelting 
iron  (y-p*)' 

Carbon  monoxide,  since  its  molecular  weight  is  28,  has  the 
composition  CO  and  the  structure  appears  to  be  C  =  0,  The 
carbon  is,  therefore,  bivalent.  Carbon  in  the  vast  majority  of 
it«  compounds  appears  t<o  manifest  a  valency  of  four.  It  is  not 
surpriaingj  therefore,  that  the  monoxide  may  unite  directly  with 
certain  elements  and  with  other  unsaturated  compounds.  These 
compounds  are  known  as  carbonyk  (c/,  antimonyl,  bismuthyl, 
etc.).  Thus,  it  unites  with  the  vapor  of  sulfur  to  form  carbonyU 
sulfide,  S  =  C  =  0;  with  chlorine  to  form  carbonyl  chloride, 
otherwise  known  as  phosgene,  COClj;  with  nickel  to  form  Ni(C0)4; 
with  iron  to  form  Fe(C0)4,  etc.  (cf.  nitrogen  monoxide  and  per- 
oxide). These  carbonyl  compounds  are  of  great  int^r^t  and 
considerable  theoretical  and  practical  importance,  but  the  student 
is  referred  to  fuUer  texts  for  details.  Carbon  monoxide  may  be 
regarded  as  the  anhydride  of  formic  acid,  but  the  reaction  be-^ 
tween  it  and  water  is  very  slight  indeed.  If  it  is  passed  on 
palladium  black  when  cold  and  moist,  traces  of  formic  acid  a 
formed.  The  formates  are  fairly  readily  made  by  heating  it  irit 
sodium  hydroxide,  under  pressure,  to  from  200**  to  230*: 

CO  +  NaOH-^NaHCOj, 

We  must,  however,  recognize  a  distinct  difference  between  *' 
bonous  "  and  carbonic  acid.     Their  structures  are  perhape 
indicated  by 

O^C.  formic  acid,     and     0  =  0,  carbonic  aoicL 

The  use  of  carbon  monoxide  is  largely  as  a  constituent  of  j 
fuels  and  the  varieties  will  be  briefly  discussed  in  another  place. 
(See  p.  348.)  When  carbon  is  burned,  the  heat  evolved  is  94,310, 
94,810,  or  97,650  calories,  according  as  diamond,  graphite  or  char- 
Coal  is  consumed  to  form  carbon  dioxide.  When  carbon  mon- 
oxide is  formed  from  charcoal  the  heat  evolved  is  29,650  calorieSj 
and  the  second  step,  the  burning  of  carbon  monoxide  to  dioxid^fl 
therefore  produces  68.000  calorics.  In  spite  of  the  fact  that  about" 
30  per  cent  of  the  fuel  value  of  carbon  is  lost  when  converted 
K     into  carbon  monoxide,  it  finds  use  as  a  fuel,  since,  by  reaaon  ofl 
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l^perior  convenience  in  handling,  better  adjustment  of  heat  source 
f  to  surface  heated  and  better  control  of  heat  produced,  such  trana- 
ition  is  of  economic  advantage.     (See  gaseous  fuels.) 


CarbtHes.  —  When  carbon  is  heated  with  oxides  not  only  may 
tion  tAke  place,  but,  if  the  temperature  is  satisfactory,  union 
the  c^arbon  and  the  reduced  substance  may  take  place. 
result  has  long  been  reached  in  the  smelting  of  iron  (q.p.), 
"  cM>mbined  carbon  *'  which  exists  in  varying  proportions  in 
iron  and  steel  is  probably  of  the  composition  FejC  and  is 
cementite.  In  recent  years  the  production  of  carbides  by 
of  the  electric  furnace  has  assumed  great  importance  be- 
of  the  valuable  properties  of  these  substances.  Calcium 
emrbicie»  CaCt^  is  made  by  beating  calcium  oxide  with  carbon  in 
as  electric  furnace,  to  an  estimated  temperature  of  about  30CX)**. 
TTie  carbide  produced  is  a  hard,  brittle  substance  with  a  sp)ecific 
puvity  of  2.2.  It  finds  application  by  reason  of  the  fact  that  when 
heated  in  nitrogen^  it  forms  calcium  cyanamide  (^.t^.),  and  that  when 
fi^ced  in  water  it  forms  acetylene  (q^v.),  Silicon  carbide,  SiC, 
faiown  as  carborundum,  is  also  formed  in  the  electric  furnace  by 
WM^™g  coke  and  sand  to  the  estimated  temperature  of  3500*** 
It  is  a  substance  of  very  remarkable  properties*  It  is  unattacked 
by  acids.  It  is  practically  infusible,  and  is  nearly  as  hard  as 
diamond*     It  finds  extensive  application  as  an  abrasive* 

tHher  Compounds  of  Carbon,  ~  The  compounds  of  carbon 
and  hydrogen  with  their  derivatives  are  so  numerous  and  important 
that  even  a  brief  rfeum^  demands  a  separate  chapter.  The  com- 
pciuiida  with  the  strictly  non-metallic  elements  are  not  called  car- 
bides. Of  them  only  three  will  require  special  mention.  These 
are  carbon  disulfide  and  carbon  tetrachloride  and  cyanogen. 

The  disulfide  is  manufactured  almost  wholly  by  Taylor's  electric 
process  (1890).     (Fig.  84.)     The  reaction  is  endothermal: 

C +  8,-^088- 28,700  cal. 

fonoation  is,  therefore,  favored  by  rise  of  temperature,  and 
'udden  cooling  the  reverBe  action  is  inhibited.     The  furnace 
ed  by  an  alternating  current  and  the  volatilized  sulfur  passes 
'  hot  carbon.     The  product  is  contaminated  with  free  ani- 
lity for  many  purposes  be  used  in  this  form.     It  may  be 
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purified  by  redistillation  and  sundry  other  methods.  When  purej 
it  is  a  colorless,  mobile,  highly  refractive  liquid  (index  1.643  aiO*). 
It  has  an  aromatic  odor,  but  the  commercial  variety  has  a  very 
offensive  odor.  It  is  very  poisonous.  If  inhaled  in  the  form 
of  vapor  it  produces  serious  symptoms.     It  is  quite  insoluble  ii 

water  (0.258  gram  per  100  ec.  at  (fi 
and  0.101  gram  at  20°).    Its  specifioj 
gravity  is  1.292.     Its  boiling  poi 
is  46^.      Its  vapor  is    very  eaail; 
ignited,  the  kindling  point  in  air 
being    about    40"".      Its    mixtures, 
with    air   are    very  explosive   b; 
reason  of  the  heat  liberated,  ani 
these  properties,  coupled  with  i 
slow  diffusion,  render  its  distilla- 
tion, or  use,  in  the  neigbborhoo<L 
of  flames  dangerous.     It  is  an  exfl 
traordinarily  excellent  solvent  for 
many  substancee  such  as  iodin< 
phosphorus,  sulfur,  camphor,  gumi 
resins,  fats,  waxes,  rubber,  etc 
is  also  miscible  in  all  proportio 
with  alcohol,  ether,  benzol,  and  t 
essential  oils.    Its  properties  rend( 
it  an  extremely  useful  substane 
and  it  is  especially  largely  employ 
as  a  solvent.      A  very  interesting 
consequence  of  its  cheap  produc- 
tion in  commercial  form  by  Tay^ 
lor's  process  is  its  use  as  a  vermifl 
fuge,    particularly    in    reclaiming 
large  areas  of  land  formerly  occu- 
pied in  the  Great  Plains  by  pr: 
.  dogs.     An  interesting  minor  use 

la  l^ass  prisms  as  a  dispersion  agent  for  light.    The  salts  of  tbii 
carbonic  acid  are  known  and  it  is  therefore,  properly  regarded 
,  a  thioanhydride, 

B  Carbon  tetrachloride  is  most  readily  made  by  treatment 

H     carbon  disulfide  with  chlorine,  using  antimony  trichloride  as 
^^     **  carri 


FU1.S4. 


carrier 


or  catalytic  agent. 

CS,  +  3C1^  -^  ecu  +  StCI«. 


The  other  carbon  halides  may  be  made  in  a  similiir  manner,  aa 
well  as  by  various  other  processes.  The  interest  attached  to  the 
tetrachloride  is  its  utility  as  a  solvent  of  fat^^  etc.^  and  because  of 
its  non-inflammability  and  its  boiling  point,  76J'^,  being  notably 
higher  than  other  suitable  substances,  its  use  as  a  dry  cleaning  agent 
is  rapidly  increasing.  The  trade  name  is  carbona.  ItB  hydrolysis 
in  water  should  produce  normal  carbonic  acid: 

cell  +  4H2O  -*  C(0H)4  +  4HC1. 

This  substance  is  not  known,  but  a  derivative,  ethyl  orthocarbon- 
ate,  C(OC2H5)4,  is.  It,  therefore,  is  reasonable  to  suppose  these 
relations  obtain: 

PCCU  +  4H,0  -*  4Ha  +  C(0H)4  ^  H,0  +  CO(OH)j. 
Cyanogen  (CN)2  is  formed  by  direct  union  at  high  temperatures 
and  it  consequently  is  a  constituent  of  blast  furnace  gases  and  is 
also  formed  in  coke  and  coal  gas  manufacture.  It  may  be  prepared  . 
by  the  discharge  of  electricity  between  carbon  poles  in  an  atmos-  I 
phere  of  nitrogen*  Because  it  is  a  highly  endotherraic  compound, 
the  decomposition  is  usually  nearly  complete  unless  sudden  cooling 
slows  the  reverse  action.  It  is  a  highly  poisonous  gas,  capable  of 
very  varied  reaction.  It  behaves  in  some  respects  as  does  chlorine* 
ThuS|  with  potassium  hydroxide  it  gives: 

2K0H  +  (CN)2  ->  KOCN  +  KCN  +  HsO, 


For  this  and  similar  reasons  it  is  sometimes  symbolized  (Cy)^,  in- 
icating  that  it  behaves  as  an  elementary  substance.     It  is  most 
ily  prepared  by  treating  copper  sulfate  with  warm  potassium 
^anide: 

2CUSO4  +  4KCN  -^  2KjS04  +  2Cu(CN)a  -*  2CuCN  +  C,N,. 

tt  is  given  the  double  formula  because  of  its  molecular  weight. 
It  may  have  either  the  structure  N^C  — C^N,  or  C  =  N— N^^C. 
'In  the  latter  case  it  is  a  bivalent  compound  of  carbon.  Its 
chief  importance  is  in  its  derived  products,  the  cyanides,  which 
re  not  obtained  directly  from  it,  but  rather  the  reverse*  The 
^most  important  cyanides  are  hydrocyanic  acid,  HCN,  also  known 
as  prussic  acid,  and  its  salts.  Hydrocyanic  acid  is  made  by  dis- 
lation  of  potassium  cyanide  with  a  less  volatile  acid.  It  is  a 
liquid  with  a  boiling  point  of  26.5'^  and  hence  at  room  temperature 
a  vapor  tension  almost  equal  to  the  atmospheric  pressure.  It 
a  pleasant  odor,  usually  described  as  peach  blossom  odor,  and 
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is  intenfiely  poisonous.  It  ia  an  extremely  feeble  acid  in  solution 
and  its  salts^  even  those  of  the  alkalies^  are  highly  hydrolyzed. 
The  acid  probably  has  the  structure  H  — N  — C,  and  is,  there- 
fore, analogous  to  hydrochloric  acid  if  we  keep  in  mind  the  resem- 
blance of  the  group,  CN,  to  chlorine.  This  is  emphasized  by  the 
formation  of  complex  cyanides.  (See  cyanides  of  iron,  copper, 
silver,  etc.)  There  is  considerable  evidence  to  show  that  the 
derivatives  of  hydrocyanic  acid  may  also  have  the  structure  corre- 
epotiding  to  the  formula  H  — C=N,  and  that  potassium  cya- 
nide in  solution  represents  an  equilibrium  system  of  K — C^N^ 
K  — N-C.  Such  relations  as  this  are  not  infrequent  in  organic 
compounds  and  are  fully  discussed  in  organic  texts  (g,p.)»  When 
a  substance  exists  in  two  such  mutually  interchangeable  fonnfi 
they  are  said  to  be  tautomeric  (rd[wos  —  the  same  and /i^oj  =  part). 
The  cyanides  are  derived  from  three  general  sources.  If  calcium 
cyanamide  (g.» )  is  heated  with  a  suitable  flux,  e.g.,  sodium  car- 
bonate, and  with  carbon,  the  result  is  a  molten  mass  of  cyanide 
which  may  be  brought  into  solution  in  water: 

CaCN,  +  C  +  Na»CO,  ^  CaCO,  +  2NaCN, 

If  refuse  organic  matter,  such  as  horn,  blood,  leather  scraps,  etc., 
is  heated  with  potassium  carbonate  and  iron  filings  and  the  mass 
60  formed  is  extracted  by  water  (lixivation)  and  the  solution  evapo- 
rated, yellow  crystals  of  potassium  ferrocyanide,  known  as  '*  yellow 
prussiate  of  potash,"  K4Fe(CN)fl,  are  formed.  This  compound 
may  be  heated  with  potassium  or  sodium  carbonate  or  with  sodium 
or  potassium.    The  reactions  may  be  indicated: 

IC4Fe(CN)e  +  K,CO,  ^  5KCN  +  KCNO  +  Fe  +  CO*; 
and         K|Fe(CN)e  +  2Na  ->  4KCN  +  2NaCN  +  Fe, 

The  cyanides  are  virulent  poisons  and  powerful  reducing  agents 
at  elevated  temperatures,  and  show  a  strong  tendency  to  form 
double  cyanides.  By  reason  of  these  properties,  cyanides,  par* 
ticularly  sodium  cyanide,  are  manufactured  on  a  large  scale  for 
use  as  germicides  and  in  metallurgy  (see  gold).  Sodium  cyanide 
has  almost  wholly  replaced  potassium  cyanide  in  metallurgical 
operations.  It  is  made  by  heating  metallic  sodium  with  ammonia 
and  coke.  The  reactions  which  take  place  are  indicated  by  the  fol* 
lowing  equations: 

2Na  +  2NHi  -^  NaNHt  +  Hi, 
NaNHt  +  C-^NaCN  +  H,. 
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(See  also  the  method  of  nitrogen  fixation,  by  J.  E.  Bucher,  Jour. 
Ind.  and  Eng.  Chem.,  vol.  9,  p.  233  (1917).)  When  subjected  to 
gentle  oxidation,  potassium  cyanide  is  oxidized  readily  to  potassium 
cyimate,  KCNO,  and  with  sulfur  is  converted  to  sulfocyanate, 
KCNS.  The  corresponding  ammonimn  salts  are  interesting  be- 
cauae  of  their  transformation,  the  cyanate  on  simply  being  allowed 
to  stand  in  solution  and  the  sulfocyanate  on  heating  to  170^,  into 
urea  and  sulfourea: 

NH 
NH4-0-N=C-»0  =  cr'       * 

NH 
and  NH4-S-N=C->S=C^       ' 

^NH, 

The  former  of  these,  urea,  is  a  product  of  the  animal  metabolism, 
and  was  first  prepared  artificially  from  ammonium  cyanate,  in 
1828,  by  Wdhler,  by  simply  recrystallizing  the  latter.  This  is 
regarded  as  one  of  the  landmarks  of  chemistry  because  it  was  a 
sort  of  finishing  blow  to  the  old  "  vitalistic  "  theory,  which  regarded 
the  organic  compounds  as  requiring  some  ''  vital  force  "  for  their 
fonnation.  It  is  also  an  example  of  an  intramolecular  rearrange- 
ment (see  p.  10),  since  the  change  consists  in  the  structural  adjust- 
ment from  ammonium  cyanate  (see  equation  above),  to  urea. 


GeneraL  —  Carbon  forms  many  hundreds  of  hydrogen  com- 
pounds,  which  owe  their  large  number  to  the  ease  with  which 

carbon  forma  substances  in  which  evidently  a  part  of  its  valencies  _ 
are  employed  in  UJiiting  with  hydrogen  and  part  in  combiningA 
with  other  atoms  of  carbon  (vide  infra).  These  compounds  are 
known  as  hydrocarbons,  and  they  and  their  derivatives,  num- 
bering at  present  upwards  of  two  hundred  thousand,  and  increas- 
ing in  number  almost  daily,  are  the  subject  matter  of  organic 
chemistry.  Only  a  very  brief  outline  of  the  subject  is  here  at- 
tempted, as  obviously  any  adequate  treatment  would  require 
at  least  a  special  volume*  The  present  purpose  is  twofold:  to 
give  the  student  a  glimpse  of  the  field,  that  '*  he  may  taste  and 
see  that  it  is  good/'  and  to  impress  the  fact  that  this  vast  subject 
is  an  integral  portion  of  general  chemistry.  In  dealing  with 
such  vast  numbers  of  substances,  classification  becomes  a  tre- 
mendous asset  and  the  ease  with  which  these  substances  lend 
themselves  to  comprehensive  grouping  has  greatly  facilitated  their 
study.  The  hydrocarbons  are  grouped  according  to  their  com- 
position into  the  following  series:  the  marsh  gas  series  of  the 
general  composition  C^Ha^+B;  the  ethylene  series  C„Hj„;  the 
acetylene  series  C^Han-i;  the  benzene  series  C.Ht„_e,  and  certain 
other  series  of  lesser  present  moment*  These  will  be  sufficient 
to  illustrate  the  relations  involved,  m 

The  simplest  explanation  of  the  possibility  of  the  existence  V 
of  these  compounds  is  found  in  the  hypothesis  that  carbon  is 
ordinarily   quadrivalent   and   that   its   atoms  unite   readily   with 
each  other.     Thus,  if  we  regard  methane  as  having  the  structure 

H 
H— C  — H  if,  by  removal  of  hydrogen  from  two  such  molecules, 

H  i 

H    H  * 

the  radicals  unite  aa  indicated,  H— C— C— H,  we  have  the  second 

H    H 
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member  of  the  series,  known  as  ethane  C^Hft,  Similarly,  by  repeat- 
ing this  iiniDn  of  radicals,  we  get  CiHa,  C4H10,  ChH^^  etc. 

In  a  similar  manner,  by  removal  of  two  hydrogen  atoms  and 
subsequent  union  of  the  radicals,  we  get  from  methane  CH*  —  2H 
—*  CHa  and  2CH3  — ♦  HtC  =  CHs,  or  ethylene,  the  first  member 
of  the  second  series.  By  removal  of  three  hydrogen  atoms  in  a 
similar  way  we  get  CH4  —  3H  — ►  CH  and  by  combination,  2CH 
— ♦  HC  =  CH,  we  have  acetylene. 

The  fundamental  structure  of  the  benzene  series  is  somewhat  dif- 
ferent in  that  in  this  series  it  is  assumed  that  the  carbon  atoms 
are  so  connected  together  as  to  form  a  closed  chain.  This  is 
best  illustrated  by  the  simplest  compound  of  the  fourth  series 
mentioned  above,  benzene^  which  is  believed  to  have  the  structure 
Bpresented  by  the  formula: 

C-H 

^    N 

H--C     C-H 

I       II 

H-C     C--H 

%  / 

C 

I 

H 

It  would  lead  us  too  far  to  attempt  to  give  the  experimental  bases 
for  these  assumptions,  but  it  may  be  said  that  they  are  sufficient 
and  convincing^  and  that  their  consideration  is  a  fundamental 
portion  of  every  **  organic  "  course. 
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Occurrence,  —  Hydrocarbons  occur  in  nature  in  large  quantitiee 
and  considerable  variety. 

Marsh  gas,  as  the  name  impUes^  is  generated  in  stagnant  pools, 
or  elsewhere  where  organic  material  is  undergoing  decomposition 
without  free  access  of  air.  It  is  also  found  in  coal  mines,  under 
pressure  in  pockets  in  the  coal.  When  these  are  tapped,  in  mining 
operations,  large  volumes  of  the  gas  are  liberated  and  may  form 

explosive  mixture  with  the  air.  It  is  called  fire  damp  for  this 
n.  It  is  also  a  constant,  sometimes  a  very  large,  constituent 
if  natural  gas  and  of  the  gases  escaping  from  petroleum  wells. 
Petroleum  is  a  complex  mixture  of  hydrocarbons  which  occurs 


b  strata  of  sandstone,  '*  oil  sand/'  at  varying  depth.    It 


some-     M 


times  issues  from  the  earth  in  the  form  of  oil  springs,  but  imA 
usually  obtained  by  boring.  Frequently  it  is  found  that  when 
the  oil  layer  is  tapped,  the  pressure  is  so  great  that  huge  quan- 
tities of  oil  and  gas  are  forced  out  in  geyser-Uke  streams.  The 
distribution  of  the  oil  fields  is  very  great,  oil  having  been  found 
first  in  the  Baku  region  near  the  Caspian  Sea.  The  first  oil  well 
found  was  that  of  Col.  Drake  near  Oil  City,  Pennsylvania  (1859), 
and  from  the  development  following  this  strike  dates  the  modern 
oil-refining  industry.  Oil  fields  of  greater  or  less  magnitude  are 
known  in  Pennsylvania,  Ohio,  Indiana,  lUinois,  Oklahoma,  Kansas^ 
Texas,  and  California,  and  in  the  Caucasus,  Persia,  Burmah, 
China,  Japan,  and  Mexico,  —  to  mention  only  a  few  of  many 
locaUties. 

The  crude  petroleum  is  a  greenish  brown  fluorescent  liquid 
and  is  usually  very  viscid.  It  contains,  besides  a  long  series  of 
hydrocarbons,  quantities  of  other  substances  which  vary  in  char- 
acter and  amount  according  to  the  source.  In  general,  there 
are  two  types  of  petroleum,  that  containing  solid  hydrocarbons 
of  the  marsh  gas  series,  known  as  paraffins,  and  hence  said  to 
have  a  paraffin  base,  and  that  containing  bitumen  or  asphalt. 
The  latter  type  frequently  contains  members  of  the  unsaturated 
and  ring  compounds  analogous  to  the  second,  third  and  fourth 
series  mentioned  above,  ^ 

The  origin  of  petroleum  is  uncertain*  The  views  are  as  follows:  ■ 
It  originates  from  the  decomposition  of  vegetable  material  under 
conditions  of  high  heat  and  great  pressure  in  the  absence  of  air. 
This  view  is  the  source  of  the  name  **  coal  oil  **  for  a  portion  of  pe- 
troleum. It  is  formed  by  the  distillation  of  animal  matter,  fish  or 
shell  fish,  under  hke  conditions.  It  is  formed  by  the  hydrolysis 
of  carbides,  under  special  conditions*  It  is  quite  possible  that  all 
three  methods  of  formation  have  operated  in  the  different  fields. 
This  is  not  the  proper  place  to  enter  into  a  discussion  of  the  validity 
of  the  evidence  in  favor  of  each.  -  _■ 


Disiitlation  of  Petroleum,  — When  crude  petroleum  is  heated 
the  various  components  volatilize  at  different  temperatures  and 
while  the  difference  of  boiling  point  of  successive  members  of  the 
hydrocarbon  series  is  not  sufficient  to  effect  complete  separation, 
yet  in  general  the  substances  of  smaller  molecular  weight  volati- 
lize first,  and  by  diversion  of  the  flow  of  condensed  materials  at 
defiiiite  temperatures  into  suitable  receptacles,  fractions  are  ob* , 
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tained  which  serve  particular  purposes.  Thia  process  is  known  as 
oil  refining  and  ia  the  most  colossal  fractional  distillation  process 
carried  out  by  man.  The  various  fractions  ordinarily  produced 
are  as  follows: 

Below  40**:  Gases,  chiefly  methane,  CHi^  to  butane,  CiHw. 
Used  mainly  in  the  process  for  fuel. 

From  40°  to  70°:  Petroleum  ether,  pentane,  dJim,  to  hexane^ 
CeHu.     Used  as  a  solvent  and  for  manufacture  of  oil  gas  {mde  infra). 

From  70°  to  90^:  Gasoline,  hexane,  C(Hii,  to  heptane,  C^Hu. 
Used  as  a  fuel  for  internal  combustion  engines  and  as  a  cleaning 
agent  and  fuel. 

From  80**  to  120°:  Naphtha,  heptane  and  octane,  CsHia.  Uses 
the  same  in  general  as  gasoline. 

From  120°  to  150**:  Benzine^  octane  and  nonane,  CiHio* 

From  150°  to  300°:  Kerosene,  decane,  CioHsa,  to  hexadecane, 
CiiHw.     Used  as  illuminating  oil. 

The  still  higher  fractions  are  collectively  known  as  lubricating 
oUs,  These,  according  to  the  temperatures  at  which  they  are 
distilled^  deposit,  on  cooling,  vaseline,  a  viscous  butterUke  mass, 
and  paraffin.  The  lubricating  oil  is  separated  into  various  frac- 
tions consisting  of  more  or  less  heavy  hydrocarbons  and  adapted 
to  the  character  of  the  bearings  upon  which  they  are  to  be  used. 
The  small  internal  friction  of  these  oils  is  the  reason  for  their 
use  as  lubricants.  The  vaseline  is  used  medicinally  in  a  great  va- 
riety of  ways.  The  paraffin  is  used  to  manufacture  candles  and  to 
waterproof  paper,  in  laundry  work,  and  last,  but  not  least,  in  the 
manufacture  of  chewing  gum.  The  residue  in  the  retorts  is  pitch 
and  may  be  used  in  road  and  roof  building.  The  process  of  simple 
distillation  has  to  be  modified  somewhat  in  case  the  petroleum 
contains  sulfur,  which  is  ordinarily  removed  by  distilling  in  the 
presence  of  cupric  oxide,  which  is  converted  to  cupric  sulfide. 
The  oxide  can  be  recovered  by  roasting.  Of  course,  the  asphaltum 
base  petroleums  give  little  or  no  paraffin  when  distilled. 

The  various  fractions  above  outhned  are  ordinarily  not  suit- 
able for  immediate  use  for  the  purposes  indicated  and  have  to  be 
further  refined.  For  example,  the  kerosene  fraction  is  treated 
successively  with  sulfuric  acid,  sodium  hydroxide,  and  water  in 
order  to  remove  tarry  material  which  injures  its  value  as  *'  lamp 
oU.' 

Natural  paraffin  is  known  aa  ozokerite.  Asphalt,  or  bitumen, 
is  also  found  in  great  natural  deposits. 
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Preparation,  —  IlydrocarbcDS  can  be  prepared  by  synthi 
The  methods  employed  are  varied.  Two  examples  will  serve  our 
purpose.  If  electrical  discharge  takes  place  between  carbon  elec- 
trodes in  an  atmosphere  of  hydrogen,  acetylene  is  formed  by  di* 

rect  addition; 

20  +  Hj  —*  CjHi. 

If  a  derivative  of  methane,  methyl  eWoride,  is  treated  with  metallio 
sodium,  the  reaction,  2CH3CI  +  2Na^  2NaCl  +  CjHo,  takes  place. 
This  type  of  reaction  nerves  to  build  up  more  complex  hydrocar- 
bons from  derivatives  of  those  of  sraaUer  molecular  weight.  Hydro- 
carbons are,  however,  if  prepared  artificially,  ordinarily  made  by 
decomposition  of  more  complex  compounds  formed  in  nature^  or 
of  compounds  which  are  made  for  the  purpose.  Three  examples 
will  be  given.  "^ 

Dhtillation  of  IF'ocwl,  — ^  When  wood  is  heated  in  closed  re- 
torts until  decomposition  takes  place  (destructive  distillation)  the 
products  vary  somewhat  according  to  the  temperature  employed 
and  the  material  ueed^  but  in  general  four  products  are  obtained: 
(1)  Gas,  mainly  methane;  (2)  an  aqueous  solution  containing  as 
its  chief  components  wood  alcohol,  acetone  and  acetic  acid;  (3)  a 
viscous  black  mass  known  as  tar,  from  which,  by  separate  distil 
lation,  a  great  variety  of  hydrocarbon  oils  can  be  obtained;  among 
them  in  most  cases  turpentine  CiqHis;  (4)  a  residue  of  charcoal. 

DistUlation  of  CoaL  —  When  bituminous  coal  is  distilled  in 
closed  retorts  the  result  is  the  formation  of  the  same  four  types  of 

product  as  with  wood. 
(Fig.  85.)  The  gas, 
however,  contains,  along 
with  methane,  largp 
quantities  of  hydrogen 


I 


1 
I 


and  some  carbon  mon- 
oxide, as  well  as  small 
quantities  of  other  hy- 
drocarbons.      (See    U-fl 
laminating   gas.)      The 
tar,  coal  tar,  on  distilla- 
tion, reveals  itself  as  a  veritable  mine  of  compounds  of  the  hydro^fl 
carbon  type,  which  in  recent  years  have  most  wonderfully  served  ■ 
mankind  a.s  a  source  of  medicine  for  his  ills,  dyes  for  his  enjoyment| 


Fid.  85. 
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poisons  for  his  enemies  of  the  insect  world,  and  explosives  for  his 
great  guns.  The  miracle  of  coal  tar  and  its  products  is,  alas,  not 
to  be  told  in  this  place,  but  its  telling  forms  a  most  attractive 
chapter  in  organic  chemistry.  Among  the  hydrocarbons  derived 
from  it  are  benzene  or  benzol^  CeHi,  naphthalene,  CioHs,  familiar 
as  moth  balls,  but  vastly  useful  otherwise  as  well,  and  anthracene^ 
CiiHio- 


1^ 

^01 


When  carbides  are  treated  with 
takes  place  as  indicated  by  the 


^ 


Hydrolysis   of  Carbides^  - 

water  or  acids,   decomposition 
following  equations: 

CaCa  +  2HjO  -^  Ca(OH)r+  CsH,  -  acetylene, 
AUa  +  2H,0  -►  4Al(OH)3  +  3CH4  -  methane. 

ther  carbides  react  in 
hydrocarbons. 


a  similar  manner  and  produce  various 


Properties,  —  The  properties  of  the  hydrocarbons  are  so  varied 
that  it  is  difficult  to  discuss  them  without  taking  up  individual 
examples.  A  few  general  statements  concerning  each  series  may 
be  made. 

The  smaller  the  molecular  weight  of  the  members  of  each 
ierieSj  the  more  volatile  they  are.  This  may  be  Ulustrated  by 
the  following  table,  which  gives  the  formulsB  and  boiling  points 
of  a  few  of  the  simpler  members  of  three  series. 


The  m«th*Da  seriea. 

The  ethyleiu  mia. 

Tbe  moctylene  Mri« 

CH,  -180° 

CH,    -93" 

CH.    -106' 

CiH.  -83.6' 

dU    -45" 

CJH.      -40' 

C.H,  -23.5' 

CJI„        1° 

C*H.           !• 

CH.        27" 

CJI„      38" 

aH„        39» 

CH,         48' 

C,H,.      70° 

aHu        60» 

CH„        80" 

In  the  methane  series,  at  room  temperature,  all  the  members" 
below  pcntane  (CaHu)  are  gaseous,  those  below  pentadecane, 
CiJIss,  are  Uquid,  and  those  more  complex  are  solid.  In  each 
series  above  given  it  will  be  noted  that  the  successive  members 
differ  from  one  another  by  a  constant  quantity,  CHi.  Such 
series  are  known  as  homologous  series. 

The  first  series  is  known  not  only  as  the  methane  series,  but 
also  as  the  saturated  series  and  as  the  paraffin  series  (parum  —  little 
and  a^nu  =  affinity).     The  latter  names  indicate  the  relative  chem- 
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ical  inactivity  of  the  members  of  the  series.     This  is  to  be  expected 

»if  the  graphic  fonnulse  below  correctly  represent  the  structure; 


H 

I 

H-C-H 

H 
methane 


H    H 

I       I 

H-C-C-H 

I      t 
H    H 

etIiBiie 


H    H    H 

I  I  I 
H-C-C-C-H,  etc. 

I  I  I 
H    H    H 

propane 


H, 


:c«c: 


H-C=C-H         H-C^    ^C-H 


If  four  is  the  maximum  valency  of  carbon  then  only  by  substi- 
tution or  decomposition  can  derivatives  be  made.     On  the  other 
hand,  if  the  other  series  present  carbon  atoms  which  arc  linked 
I        to  each  other  by  more  than  one  bond,  e.g., 

y 

^V   then  b; 
r         may  b( 


H 
H 
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H-Cn^^C-H 


ethylene 


ftcetyleoe 


I 

H 
bensene 


then  by  addition  of  elements  or  radicals  the  saturated  derivatives 
may  be  obtained,  i.e.,  the  *' double"  or  ''triple"  Ixtnds  may  be 
^H     converted  to  single  bonds.     Thus: 

^"    In  gem 


CHa  CHaBr 

It       +  Bra  ^  I 
CHt  CHjBr 

ethylene        ethylene  bromide 


t 


In  general,  then,  the  membera  of  the  unsaturated  series  may 
undergo  change  by  addition,  as  well  as  by  substitution  and 
decomposition. 

The  hydrocarbons  are  also  capable  of  presenting  themselves, 
or  of  being  prepared,  in  polymeric  forms.  These  are  of  two  types. 
Two  hydrocarbons  may  have  the  same  percentage  composition 
and  yet  possess  different  molecular  weights  and  with  this  differ- 
ence present  very  different  properties,  e.g.,  benzene,  CeHs,  and 
I  acetylene,  CiHj.     Such  compounds  are  said   to  be  metamers^  or 


ily  polymers.  The  second  type  appears  when  substances 
have  the  same  percentage  composition,  the  same  molecular  weight 
and  yet  are  different.  These  are  known  as  isomers  or  as  isomeric 
forms.  Thus  we  have  two  substances  of  the  formula  C4H10.  The 
explanation  of  their  existence  and  of  their  differences  in  properties 
is  found  in  structural  formulae.  Thus  in  the  case  cited,  we  rep- 
resent one  by  the  formula  CH^CH^CHjCH^  and  the  other  by 

CHiv 

^  CH  *  CH3  and  believe  that  in  the  difference  of  radicals  and 

of  arrangement  lies  the  cause  of  their  difference  of  properties. 

(See  stereo  formulae,)  In  the^se  and  similar  formuIsB  we  find 
an  explanation  of  the  exceedingly  great  numbers  of  hydrocarbons 
and  their  derivatives. 

All  hydrocarbons  burn  more  or  less  readily  and  the  ultimate 
products  of  their  combustion  are  carbon  dioxide  and  wat^r.  This 
property  determines  their  extensive  use  as  fuels,  both  as  gases 
and  as  liquids  (see  fuel  gases  and  liquid  fuels).  The  fact  that 
in  80  burning  they  in  most  cases  furnish  white  hght  also  extends 
their  usefulness  (see  flame).  When  the  hydrocarbons  are  mixed 
with  oxygen  or  air  in  proper  proportions  and  are  ignited,  the  rate 
of  combination  and  the  heat  produced  are  sufficient  to  produce 
explosion,  and  these  explosions  may  be  so  controlled  as  to  be 
utilijsed  for  motive  power  (see  explosive  mixtures) - 

When  the  hydrocarbons  of  large  molecular  weight  are  heated 
suddenly,  they  tend  to  decompose*  giving  free  carbon  and  hydro- 
carbons of  lesser  molecular  weight.  This  process  is  known  as 
"cracking"  and  in  the  process  of  fractional  distillation  is  accom- 
plished by  allowing  the  less  volatile  constituents  t-o  condense  and 
fall  into  the  highly  heated  residue  in  the  retorts.  The  method  has 
recently  come  into  extensive  use  because  the  demand  for  Ughter 
hydrocarbons^  as  compared  with  the  heavier,  is  greater  than  the 
relative  proportions  found  in  petroleum  or  in  the  products  of  wood 
and  coal  distillation.  (See  also  Rittman's  Process,  Journal  of  In- 
^dustrial  and  Engineering  Chemistry,  vol.  7.) 

Perhaps  the  most  important  property  of  the  hydrocarbons  is 
the  extent  and  ease  of  substitution,  directly  or  indirectly  accom- 
I  pUshed,  of  hydrogen  by  other  elements  and  radicals.  The  impor- 
jtance  of  thiswnll  be  made  more  manifest  when  the  derivatives  are 
discussed,  (See  Chap,  XX,)  The  brief  outline  of  properties  here 
presented  is  only  intended  to  convey  an  impression  of  the  possibili^ 
li«  of  reaction  and  is  not  intended  as  a  complete  presentation. 
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Uses^  —  The  uses  of  the  hydrocarbons,  as  has  already  been 
intimated,  are  extensive  and  varied.  In  addition  to  their  use 
as  raw  material  to  prodnce  derivatives  (see  Chap.  XX),  they  find 
direct  application  in  many  ways,  but  especially  as  fuel,  as  illumi- 
nant«,  and  as  explosives.  We  may,  then,  with  profit,  limit  our 
discussion  to  thede  three  phases  and  treat  them  under  the  headings 
lUuminating  and  Fuel  Gases;  Flame  and  Explosive  Mixtures* 
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lUuminatmg  and  Fuel  Gases.  —  For  the  most  part  the  ma- 
terials of  gaseous  type  used  as  light-  or  heat-producing  media  are 
mixtures,  more  or  less  complex  according  to  their  source.  The 
following  table  will  present  the  more  important  varieties  and  a 
typical  analysis  of  each.  The  table  will  be  followed  by  conamenta 
upon  some  of  theEi.  ■ 


Type  of  I 


Natural  gas. , 

Coal  gas 

Water  gas , . , 

Carburetted  water  gas. 

Producer  gas 

Blast  furnace  gas , 

Oil  gas 


Hydro- 


2.2 

49,0 

4d.3 

40.2 

8.6 

2.7 


Mcio- 


92. e 

34.5 
1.3 

16. S 
2.0 
0.2 

38.8 


HoAvy 

tiydK>- 

€ar- 
per 

0«llt. 


0.5 
50 


60.1 


C*rboti 
moo- 
oxide, 


0.5 

7.2 
45.6 
28,7 
24.4 
28.6 


dioxide, 

OODt. 


0.3 
11 
2.1 

1.2 
5.2 

11.4 


Nitfo- 


Oiyteo* 
per 


3  6 
3  2 
4.2 
4.3 
59.3 
57,1 
M 


03 
0-0 
OJ 
0.1 
OJ 


As  will  be  seen  from  the  table,  with  the  exception  of  natural 
gas  and  oil  gas,  the  hydrocarbons  do  not  form  a  large  quantity 
factor  In  the  composition  of  commercially  used  gases,  yet  the  dis- 
cussion of  them  comes  properly  under  this  head  because,  first,  the 
illuminating  value  of  these  gases  rests  upon  their  hydrocarbon 
content,  and,  second,  the  process  by  which  they  are  obtained  in* 
volves  carbon  or  its  hydrocarbon  derivatives,  and,  third,  because  we 
are  only  now  in  possession  of  general  chenaical  information  con- 
cerning all  their  comix}nent  factors. 

In  each  case,  the  student  must  realize  that  the  composition  given 
in  the  table  is  only  that  of  a  representative  sample.  Thus  natural 
gas  may  be  nearly  all  methane^  as  indicated,  or  it  may  be,  as  in 
that  from  the  famous  Delamater  well  near  Pittsburgh,  nearly  pure 
ethane.  Similar  variations  of  composition,  according  to  their 
source,  occur  with  the  other  types  of 


Cosl  gas,  EQAde  bf  the  ifiifillafion  of  eoal,  Tuin  in 

tioD  not  only  with  the  coal  used,  bat  abo  with  the  Mnperalnre  al 
which  the  distillatioa  is  emmed  oat.  It  k  the  type  <rf  gu  DdiOit 
used  in  Europe  for  city  gM  mppBtt,    In  the  Umted  Slalea«  ear- 

I      buieted  water  gaa»  or  miaDed  wvler  gas^  ia  made  by  paafiag  ataaan 

Ipv^  highly  heated  ooal  or  ooke  and  the  reaelioii, 

B  C  +  H,0  — CO  +  H,, 

^PpFoduees,  therefore,  eneotiaQy  only  carbon  monoxide  and  hydro* 
gen  (water  gaa).  Such  gas,  while  cheaply  produced,  is  nan4umi'* 
nous  when  bctroed  and  is,  moreover,  of  relatively  low  caloriflo 
value.  If,  however,  crude  petroleum  is  "  cracked  "  by  being 
paased  over  highly  heated  ''  checker  work/'  it  produces  gases  whaeh 
do  not  liquefy  when  coded,  —  mainly  ethylene  and  its  homo* 
logues  —  and  theee  impart  illuminating  value  to  the  flame.  (Sea 
flame.)  These  gaseSr  mixed  with  water  gas,  give  the  carbureted 
water  gas. 

Producer  gas  is,  so  far  as  its  heat-producing  factor  in  conreriviHi, 
easentially  carbon  monoxide,  and  is  made  by  piucHing  n  1 1  mil  ml 
stream  of  air  over  hi^y  heated  coal  or  coke*  Thr'  iiuuniM  rmployisci 
to  effect  this  are  extennvdy  varied  and  for  details  tito  Htihlt'iit  In 
referred  to  works  on  engineering  and  industrial  chcitUHtry.  H'hi> 
carbon  mooande  ao  produeed  ia  not,  of  course,  capablo  of  ttnulin  ttitf 
by  its  combustion  so  much  heat  as  the  original  coal  or  miktv  l\\d 
by  reason  of  superior  efficiency  gained  by  use  of  ii  gjismniii  fu«il»  a 
greater  proportion  of  the  tc^^  heat  production  of  burning  <4iilM»n 
may  be  utilized  by  first  wasting  approximately  30  |M?r  i^ojit  tit  (hit 
total  fuel  value. 

C+O-^CO  +  29,500  cal, 
CO  +;0  -►  COt  +  68,000  oal. 

Id  the  iron  Lndustr)%  as  well  as  in  other  ttnit^lling  iffm*mmm^  lar| 
quantities  of  producer  gas  are  obtained  iiiritliint  Ut  Urn  itninml 
eiperation  of  the  process  and  in  recent  years  vaMi  f|i4iii«tM»*>«  *tf  thi# 
gas  are  employed  for  heat  production  and  in  iuU^uul  attuhudi^ 
eiigyiH^i 

Oil  ps  b  a  general  term  applied  to  gaseous  n^Mturm  $4  U«s  i 
of  gasoline  and  air,  or  to  gaseous  mixtures  fHi^H^**i  ^^ 
ode  petroleum  in  hot  retorts.     The  latter  ivj^  ^  U^  « 
the  table.     In  this  country  it  is  used  Mmf  fm 
be  name  of  Pintsch 
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acetylene  is  of  recent  years  finding  extensive  us©  for  automobile^ 
lighting  and  for  country  homes.     It  is  made  from  calcium  carbide 
and  used  as  prepared. 


Fiame*  —  Some  difficulty  is  encountered  when  we  attempt  a 
comprehensive  definition  of  the  term  flame,  but,  in  general,  we  use 
the  term  to  describe  the  phenomena  which  accompany  the  rapid 
union  of  gases.  The  term  is  usually  limited  to  those  cases  where 
explosion  does  not  occur  and  where  heat,  always,  and  light,  usually^ 
are  produced. 

In  order  to  produce  a  flame,  it  is  necessary  to  bring  a  **  com- 
bustible gas  "  heated  to  its  kindling  temperature  into  contact  with 
a  **  supporter  of  combustion/'  This  is  most  easily  realized  in 
air  by  allowing  a  stream  of  gas  to  issue  from  a  suitable  opening, 
and  by  means  of  a  match,  taper,  or  electric  spark  initiate  combus-^ 
tion.  In  such  a  case,  the  air  is  considered  as  a  supporter  of  com*1 
bustion  and  the  issuing  gas  as  combustible.  These  terms  are 
merely  conventional,  as  the  action  is  mutual  on  the  part  of  the  gases. 
Were  the  atmosphere  hydrogen  or  illuminating  gas  and  a  jet  of 
oxygen  were  introduced  under  like  conditions,  a  flame  would  he 
produced  and  we  would  regard  the  oxygen  as  combustible*  This 
condition  is  illustrated  by  burning  a  jet  of  air  in  illuminating  gas* 

Probably  the  most  familiar  flames  are  those  produced  by  burning 
wood,  coal  or  other  fuel  in  free  contact  with  air.     The  gas  in  such 
cases  is  produced  by  the  heat  of  combustion  of  the  ftiel  and  the  rate 
of  production  is  usually  regulated  by  control  of  the  access  of  the  _ 
air  to  the  fuel.    The  gases  we  have  been  considering  are  usuallyS 
prepared  in  anticipation  of  their  use  and  the  rate  of  combustion 
regulated  by  the  rate  of  flow  of  the  gas  which  is,  in  turn,  governed 
by  the  pressure  under  which  it  is  kept  in  the  gas  holders,  or  mains^ 
and  the  size  of  the  openings  through  which  it  flows.     The  usual 
device  for  securing  proper  contact  of  air  and  the  other  gas  is  some 
modification  of  the  Bunsen  burner*     This  instrument  has  two  es- 
sential parts:  A  tip  from  which  the  gas  issues,  and  a  larger  tube 
in  which  the  gas  is  mixed  with  the  air.     The  air  may  enter  the  larger 
tube  through  openings  at  its  base,  as  in  the  laboratory  device.^ 
In  the  larger  burners  used  to  heat  boilers,  the  tube  consists  only^ 
of  the  circular  opening  in  the  furnace  base  and  the  air  comes  in 
contact  with  the  gas  only  at  the  outer  burning  surface  of  the  jet. 

The  ordinary  burner  flame  may  be  either  '*  luminous  "  or  *'  non'<fl 
luminous/'     In  the  latter  case,  all  or  nearly  all,  the  chemical  energy 


of  the  reacting  gas  is  converted  into  heat.     In  the  former,  a  part 
:)pears  as  light  energy.     It  is  evident  that  since  either  light  or 
eat  may  be  sought  as  the  object  of  gas  consumption,  the  conditions 
determining  the  ratio  of  heat  to  light  production  are  at  times  of 
great    moment.     Some  gases   burn  only  with   practically  a  non- 

[luminous  flame,  e.g.,  hydrogen,  carbon  monoxide,  methane,  etc. 
If  it  is  desirable  to  utilize  such  gases  as  sources  of  light,  the  result 
may  be  attained  by  mixing  the  gas  with  var}ing  quantities  of  gases, 
or  very  volatile  liquids,  which  burn  with  luminous  flames.  This 
b  in  part  the  object  sought  and  attained  by  using  petroleum  in 
jhe  manufacture  of  *'  enriched  *'  water  gas.  (The  calorific  value 
of  the  gas  is  also  so  increased.)  Other  gases  burn  with  luminous 
flames  of  greater  or  less  intensity*  Examples  of  such  are  acetylene 
and  ethylene,  phosphorus  vapor,  etc.  The  cause  of  the  luminosity 
of  such  fl^ames  has  been  the  subject  of  much  investigation  and  many 
hypotheses.  For  a  very  full  and  satisfactory  discussion  see  Mellor's 
I  Modem  Inorganic  Chemistry  {pp.  733-761).  The  general  conclusion 
(  is  that  in  different  gases  the  luminosity  is  due  to  different  causes,  yet 
in  the  burning  hydrocarbon  gases  it  appears  that  the  most  satisfying 
view  is  as  follows:  The  heat  of  the  burning  gas  converts  a  portion 
of  the  uo burned  heavier  hydrocarbons  to  acetylene.  The  latter 
,  is  an  endothermic  compound  and  at  the  moment  of  its  dissociation 
by  the  heat  of  the  flame  the  carbon  particles  freed  are  by  the  heat 
of  dissociation  rendered  incandescent 

The  Bunsen  luminous  flame  may  be  made  less  luminous  by 

mixing  air  with  the  gas  before  it  issuas  from  the  burner  by  means  of 

the  openings  at  the  base  of  the  tube.     The  rising  current  of  gas 

draws  in  air  and  the  result  is  a  concentration  of  the  volume  of  the 

g     flame  and  a  consequent  higher  temperature.     That  this  increased 

^Hemperature  is  not  the  sole  cause  of  non-luminosity  is  clear  from  the 

^nct  that  the  same  result,  at  lower  temperature,  may  be  secured 

^Hy  admitting  nitrogen  or  carbon  dioxide  in  lieu  of  air, 

^^      The  production  of  gases   which  give  luminous  flames  is    at 

present  of  little  importance  because  of  the  use  of  the  Welsbach 

mantle.     This  consists  of  a  gauze  of  cerium  and  thorium  oxides 

which,  when  heated  in  a  Bunsen  flame,  glow  with  a  brightness  much 

more  intense   than   that  of  the  gas  which  heata  them.     Hence 

candle  power  of  gas  is  of  much  less  importance  than  its  calorific 

Uic*. 

The  calorific  value  of  a  gas  is  usually  expressed  in  the  quantity 
of  British  thermal  units  per  cubic  foot  of  gas  burned  and  in  many 
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states  gas  compames  are  compelled  by  law,  or  by  the  public  ser- 
vice commissions,  to  keep  their  product  up  to  a  certain  calorific 
standard.  The  temperature  of  a  burniog  gas  is  vastly  modified 
by  the  manner  and  the  rate  of  burning.  Thus  in  the  ordinary 
burner  of  the  Bunsen  type,  using  coal  gas,  the  maximum  tempera- 
ture attainable,  even  with  open  base  holes,  is  about  1500°  C, 


'.jud 


»=: 


7S& 


tr. 


^ 


rro.  m. 

while  with  a  biUTier  of  the  Meker  type,  a  maximum  temperature^ 
of  nearly  1800°  can  be  attained.  (Fig.  86.)  This  difference  of 
temperature  is  seciurd  by  burning  an  increased  quantity  of  gas  in 
smaller  volume  by  more  intimate  mixing  with  air.  By  means  of 
the  blast  lamp  or  blow  pipe  still  higher  temperatures  may  be  reached^ 
but  the  principle  involved  is  the  same. 

Explosive  MixUires.  —  When  gases  capable  of  burning  wit 
each  other  are  mixed  in  proper  proportions  and  ignited  the 
reaction  goes  on  as  when  one  is  burned  from  a  jet  in  an  atmc 
phere  of  the  other,  but  when  the  heat  of  reaction  of  the  portion" 
first  ignited  is  sufficient  to  maintain  the  kindling  temperature  of 
the  adjacent  mixture  the  reaction  rapidly  proceeds  as  a  sort  of 
'*  wave  "  through  the  whole  volume  of  mixed  gases  at  a  rate  which_ 
depends  upon  the  tyi>e  of  mixture.     If  the  walls  of  the  contains 
ing  vessel  are  not  sutficiently  strong  to  stand  the  pressure  incident 
upon  the  increase  of  temperature  of  the  resulting  gaseous  products 
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(or  perhaps  increased  volurae),  we  have  an  **  explosion/'  An 
explosion  may  be  defined  without  serious  error,  as  a  sudden  iji- 
creaae  of  gaseous  volume.  Of  course,  if  the  proportion  of  either 
gas  is  not  sufficiently  great,  by  its  combustion,  to  raise  the  adjacent 
mixture  to  the  kindhng  pointy  or  if  the  combination  is  endothermic^ 
no  explosion  results.  Thus,  with  air  and  various  gases,  the  max- 
imum and  minimum  ratios  for  an  explosive  mixture  are  approx- 
imately (see  Mellor,  p.  742)  as  given  in  the  following  table: 

IffiniTngm,  MffT^FfmHI. 

Aoetylene 3     i»ftrtfi  per  lOQ  52  parts  per  100 

Ethylene.... 4      parts  per  100  15  parte  per  100 

BlanhGaa 6      parts  per  100  13  partA  per  100 

O&ftl  Ga8< 8      parts  per  100  19  parte  per  100 

Water  Gaa , 12      parts  per  100  67  parts  per  100 

Hydrogen  * . , 9.5  parts  per  100  05  parts  per  100 

Carbon  Monoxide 16 .5  parts  per  100  75  parts  per  100 

Of  coursei  if  the  vessel  be  strong  enough  to  stand  the  strain,  no 
actual  explosion  can  take  place,  but  the  *'  explosion  wave  "  will 
traverse  an  explosive  mixture  and,  indeed,  attain  a  maximum 
speed,  which  is  constant  for  a  given  mixture  of  gases.  It  is  also 
apparent  on  consideration  that  a  proper  mixture  of  gases  not 
confined  in  a  vessel  may  explode  when  ignited,  i.€.,  the  sudden 
expansion  of  gas  may  take  place  against  atmospheric  pressure 
only. 

Other  combustible  mixtures,  such  as  coal  dust  or  flour  dust 
and  air,  may  also  explode  violently.     The  principles  involved  are 

same  as  those  above  given. 


*uels,  —  Fuels  may  be  considered  roughly  as  of  two  types,  solid 
And  gaseous.  While,  of  course,  many  fuel  substances  are  liquid, 
when  used  as  fuel  they  are  first  converted  to  gaseous  form, 
is^  indeed,  also  true  of  certain  solid  fuels  as  tiillow,  paraffin, 
spermaceti,  etc.  Thus,  when  crude  petroleum,  kerosene,  or  gaso- 
line are  burned,  the  process  consists  essentially  in  a  controlled 
conversion  of  the  liquids  into  gaseous  form  and  their  subsequent 
combustion  as  near  to  the  seat  of  operation  as  possible.  This 
conversion  to  gaseous  form  is,  of  course,  very  easy  in  the  case  of 
the  volatile  hquid  gasoline,  and  the  explosive  mixture  method 
of  utilization  is  used  in  the  internal  combustion  motors.  In  the 
;ase  of  the  less  volatile  crude  petruleuio  the  voIatilisatiQij 


I 
I 


INORGANIC  CHEMISTRY 


liquid  is  facilitated  by  spraying  by  me&DB  of  a  steam  jet  (see  Fig. 


r^^ 
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Pio.  87. 

Under  certain  circumstances  it  is  impossible  to  utilise  the 
heat  of  solid  fuels  without  great  loss  and  hence  for  certain  pur- 
poses it  is  advantageous  to  convert  coal  to  producer  gas^  even 
at  great  loss  of  heat,  in  order  by  better  adjustment  of  heat  source 
to  object,  to  utilize  a  larger  percentage  of  total  heat.  In  other 
circumstaDceSp  solid  fuels  may  be  of  definite  advantage,  e.g., 
aluminium  in  the  thermite  reduction  process  (see  Goldschmidt 
process). 

The  economic  utilization  of  fuels  and  the  adaptation  of  fuel  to 
purpose  forms  a  very  large  and  important  chapter  in  Industrial 
Chemistry  and  knowledge  of  the  subject  is  an  essential  in  the 
equipment  of  the  chemical  engLoeer. 


In  order  to  gain  a  comprehensive  view  of  the  vast  group  df 
substances  included  under  the  heading  of  this  chapter,  it  will  be 
necessary  to  outline  the  types  of  compounds  and  present  illus- 
trative examples  of  each.  Perhaps  the  simplest  plan  is  to  take 
them  up  under  the  general  head:  Halogen  derivatives,  oxygen 
derivatives,  nitrogen  derivatives,  etc.,  and  consider  the  sub- 
divisions of  each  bead.  In  making  such  an  attempt  at  systema* 
tization,  we  shall  encounter  the  usual  difficulties  of  classification 
and  find  compounds  of  mixed  types. 

Halogen  Derivatives.  —  When  discussing  chlorine,  attention 
was  called  to  the  fact  that  one  of  its  chemical  properties  is  the 
facility  with  which  it  may  be  made  to  take  the  place  of  hydrogen 
in  organic  compounds  (p.  121).  Thus,  if  methane  be  treated 
with  chlorine,  the  displacement  of  hydrogen  may  be  made  to 
pass  through  successive  steps  to  produce  methyl  chloride,  CH^Cl, 
methylene  chloride,  CHaClt,  chloroform,  CHCU,  and  finally  by 
complete  substitution,  carbon  tetrachloride,  CCU  (p.  121).  Similar 
compounds  are  produced  by  reaction  between  all  the  hydrocarbons 
of  the  methane  series  and  any  of  the  halogens.  The  other  hydro- 
carbon series  may  produce  halogen  derivatives  by  substitution 
and,  since  they  are  unsaturated,  also  by  addition.  For  example, 
it  is  possible  to  produce  from  benzene,  C(Ji«,  not  only  such  com- 
pounds as  CftH&Cl  and  C6H4Cli  but  also  benzene  hexachloride, 
CiH«CU,  etc.  Substitution  is  further  complicated  by  the  existence 
of  isomers.  We  have,  for  example,  two  dichlor  derivatives  of 
ethane,  CHiCl  -CHtCl  and  CHjCHClj,  known  as  ethylene  dichlo- 
ride  and  ethylidene  chloride.  Also  there  are  three  isomeric  di* 
substitution  products  of  benzene,  known  as  the  ortho-,  meta-,  and 
para-derivatives.  It  wiU  be  evident,  then,  that  the  halogen  deriva- 
tives are  very  numerous.  Two  of  them  may  be  very  briefly  dia- 
cuBsed  to  illustrate  the  type. 
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direct  treatment 

CHCU  +  3HCL 

The  reaction  takes  place  only  in  the  Bunlight  and  is  slow.     Thi 
other  substitutton   products   are  formed  at   the  same   time.     If, 
however,  alcohol  and  bleaching  powder  are  allowed  to  react  upon 
each   other  in  solution,   a  reaction   takes   place   which  may 
indicated, 

^    2CaH,0H  +  SCaClOCl  —  2CHCla  +  2Ca(OH)2  +  Ca(CHOi^ 
+  2H2O  +  5CaCla 

though  it  is  in  reality  a  more  complex  reaction.  Also  chloro- 
form may  be,  and  usually  is,  made  from  acetone  (g.p.)-  Similarly, 
the  other  halogen  derivatives  may  be  made  not  alone  by  sub- 
stitution, but  also  by  starting  with  compounds  of  various  types, 
themselves  derivatives  of  hydrocarbons. 

Chloroform  is  a  colorless,  sweet-smelling  liquid  of  specific 
gravity  1*526  and  boiling  point  51.2°.  Its  vapor  when  inhaled 
produces  ansestbesia.  The  use  of  it  in  surgery  was  introduced 
by  Simpson  in  1848,  and  since  then  countless  lives  have  been 
prolonged  by  the  use  of  it  and  other  anaesthetics  in  operations 
otherwise  impossible,  and  infinite  human  pain  has  been  spared. 
Other  anaesthetics  have  largely  usurped  its  place  in  surgery  be- 
cause of  the  occasional  fatal  results  in  its  use,  but  to  ease  the 
pain  of  childbirth  no  other  has  the  same  value,  though  recently 
scopolamine  has  been  used  to  induce  the  so-called  **  twilight 
sleep/^  the  success  of  which  is  still  an  open  question. 

Iodoform,  CHI3,  a  solid  substance  of  pronounced  odor,  is  made 
by  treatment  of  alcohol  with  iodine  in  the  presence  of  an  alkaline 
substance.  It  is  a  powerful  germicide  much  used  in  dressing 
wounds.  Like  chloroform,  its  importance  is  less  at  present  than 
formerly,  by  reason  of  the  extensive  use  of  other  substances.  ■ 


Oxygen   Derivatives,  — ►  These  derivatives   are  of    tremendous 
variety.     They  may  be  considered  under  the  following  heads: 

Alcohols  and  Phenoh,  —  If  in  a  hydrocarbon  molecule,  we 
introduce  the  hydroxyl  group  in  place  of  a  hydrogen  atom,  we 
obtain  an  *'  alcohol/'  if  the  hydrocarbon  is  of  the  '*  chain  **  t^ 
or  a  *'  phenol  ■'  if  of  the  benzene  series.     This  result 


Iylished  if  we  treat  a  halogen  derivative  of  the  hydrocarbon  with 
\  weak  base,  e.g., 
r 


CH3CI  +  AgOH  ^  AgCl  +  CH3OH 


There  are  numeroua  methods  by  which  alcoholg  are  produced 
rom  more  complex  compounds.  Of  these^  it  is  perhaps  sufficient 
to  mention  three : 

First,  the  fermentation  of  sugar  or  of  sugar-like  substances* 
This  decomposition  is  carried  out  on  an  enormous  scale  in  the 
manufacture  of  ordinary  alcohol  (^.r.). 

Second,  the  saponification  of  fats  (g-».).  This  likewise  is  an 
industrial  process  of  first  rank. 

Third,  destructive  distillation  of  wood^  *or  of  its  metamor- 
phosed form,  coal.  This  method  is  of  industrial  importance 
especially  in  the  production  of  wood  alcohol,  CH3OH,  and  of 
phenol  and  its  homotogues. 

The  alcohols  ai'c  characterized  by  their  possession  of  the 
hydroxyl  group  without  marked  acidic  or  basic  properties,  though 
with  acids  they  react  under  special  conditions,  slowly,  to  pro- 
duce water  and  a  class  of  salts  known  as  esters  of  which  the  fats 
are  examples*  They  also  can  be  made  to  yield  hydrogen,  when 
treated  with  the  active  metals,  and  produce  alcoholates.  They 
are  non-conductors  of  electricity  and  in  aqueous  solution  give 
nearly  '*  normal  *'  freezing  and  boiling-point  values* 


r- 


The  phenols  are  more  markedly  acidic  than  basic,  though 
atill  amphoteric,  and  are  readily  affected  by  oxidizing  agents. 

The  alcohols  of  the  lower  hydrocarbons  are  also  markedly 
narcotic  substances^  ue.f  they  dimimsh  the  control  of  the  mind 
over  the  nervous  system  and  are  consequently  intoxicants.  The 
phenols  are  specially  powerful  germicides,  and  find  their  most 
extensive  direct  use  as  such. 

There  are  several  varieties  of  both  alcohols  and  phenols. 
Thus,  we  have  alcohols  containing  only  one  hydroxyl  group  per 
molecule  (monohydric  alcohols),  of  which  the  best  known  examples 
are  wood  alcohol,  CH3OH,  and  grain  alcohol,  C^HsOH.  Also 
alcohols  may  have  two,  three,  four,  or  more  hydroxyl  groups  per 
lolecule.  For  example,  we  have  glycol,  GiH4(0H)i,  glycerine, 
jHsCOH)*,  etc.  These  are  collectively  known  as  polyhydrii^ 
^cobols.     Similarly,  we  may  have  mono-,  di*,  or  trihydroxyphenols. 
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Ordinary   alcohol   will    be   used   to   illustrate   the  group* 
production  from  grape  sugar  may  be  formulated: 

CeHiaOe  ^  2COs  +  2CtH40H, 

This  reaction  takes  place  when  the  sugar  is  present  in  aqueomj 
solution  with  yeast.  Yeast  is  a  type  of  plant  which  has  been] 
shown  to  secrete  a  substance^  zymase,  capable  of  acting  as 
catalytic  agent  in  facilitating  the  production  of  alcohol.  The 
process  is  known  as  fermentation  and  takes  place  not  only  with' 
glucose,  or  grape  sugar,  but  also  with  cane  sugar  and  starch  and 
even  with  cellulose,  if  these  substances  are  subjected  to  hydrolysis 
previous  to  or  during  the  progress  of  the  fermentation.  Alcohol 
is,  then,  one  of  the  products  of  **  leavened  "  bread,  though  the 
leavening  is  due  to  the  carbon  dioxide  simultaneously  produced 
(see  also  sugars). 

The  alcohol  so  produced  is  also  known  as  *'  grain  alcohol  "  and 
as  "  spirits  of  wine  "  and  as  **  alcohol."  The  last  name  indicates 
its  predominant  importance  among  its  homologues. 

The  uses  to  which  alcohol  is  put  indicate  in  a  general  way 
its  characteristics.  It  is  used  as  a  fuel,  since  it  burns  with  a  non- 
luminous  flame,  and  has  high  calorific  value.  It  is  also  used  as 
a  solvent  of  gums,  resins,  flavors,  etc.  It  is  a  most  excellent 
solvent*  It  is  used  to  manufacture  ether  (q^v.)  and  acetic  acid 
(q.v.).  It  is  also  used  in  beverages;  whiskey,  mm,  wine,  and 
beer»  in  all  their  numberless  modifications,  are  essentially  more 
or  less  dilute  solutions  of  alcohoL  While  these  beverages  differ 
from  each  other  in  flavor,  food  content,  method  of  manufacture, 
etc*,  they  all  owe  their  extended  use  and  abuse  to  their  alcohol 
content,  which  varies  from  3  to  4%  in  the  milder  beers  and  wines 
to  50  to  60%  in  the  strongest  liquors.  The  necessity  of  careful 
control  of  this,  the  intoxicating  property  of  alcohol,  interferes 
sadly  with  its  varied  and  extensive  uses  in  other  ways  (see  Bunge's 
Physiological  Chemistrj^,  Chapter  IX). 

Ordinary  phenol,  also  known  as  carbolic  acid,  is  the  most 
important  member  of  its  class.  It  is  one  of  the  important  sub- 
stances derived  from  coal  tar,  which  is  its  principal  source.  It 
may  be  prepared  from  benzene  by  first  converting  the  latter  to 
a  sulfonic  acid. 
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The  fused  mass  may  be  acidified  with  sulfuric  acid  and  the  phenol 
extracted  with  ether. 

Phenol  is  an  active  poison,  not  only  for  small  protoplasmic 
organisms,  but  for  higher  organisms  as  well.  In  both  cases  the 
destructive  effect  is  due  to  coagulation  of  the  albumin,  and  the 
carbolic  acid  "burns"  are  due  to  coagulation  and  not  to  disin- 
tegration. It  is  a  very  weak  acid.  Aside  from  its  use,  and  abuse, 
as  a  poison,  phenol  finds  extensive  application  by  reason  of  the 
ease  with  which  it  reacts  with  other  substances  to  produce  further 
substitution  in  the  benzene  ring.  This  may  be  illustrated  by  its 
ihavior  with  concentrated  nitric  acid  to  produce  picric  acid, 

CtHftOH  +  3HNQ»  — C*H,(NO0iOH  +  3HA 

which  is  an  extensively  used  explosive. 


The  Aldehydes,  —  When  the  attempt  is  made  to  produce  deriv- 
atives of  methane  containing  two  hydrox>1  groups  attached  to 
one  carbon  atom,  we  get,  instead,  a  type  of  compound  which  is 
known  as  aldehyde.     Thus : 

CHaCl,  +  2AgOH  -*  2AgCl  +  CHt{OH),,  and 
CHj(OH)s  ->  CH2O  +  H,0. 

The  compound  so  produced,  CH^O,  formaldehyde,  is  the  simplest  as 
well  as  the  best  known  representative  of  the  group.     Its  synthesis 

/H 
indicates  the  structure  H  — C  =  0,  and  we  may  represent  the  group 
by  the  general  formula  R  •  CHO  where  R  is  any  radical. 

While  the  aldehydes  rnay  be  prepared  as  indicated,  the  usual 
process  is  t^  produce  them  from  more  complex  compounds  by 
decomposition  or  reduction.  Formaldehyde  gets  its  name  from 
the  fact  that  it  may  be  produced  by  reduction  of  formic  acid.  It 
is  a  gas  of  marked  and  unpleasant  odor.  It  dissolves  readily 
in  water  and  the  40  per  cent  solution  is  the  commercial  form. 
The  substance  has  several  points  of  special  interest*  It  is  perhaps 
the  most  extensively  used  of  all  gaseous  disinfectants  and  is  es- 

ially    frequently    employed    in    house    disinfection.     It    under- 
polymerization  readily  to  produce  a  solid  modifit^ation  (CHtO)a, 
and  ultimately  a  sugar,  CsHhOb,  similar  to  grape  sugar.     Its  for- 
mation is  most  probably  the  first  step  in  the  synthesis  of  sugar, 
starch  and  cellulose  in  the  process  of  plant  growth, 

CQi  +  HfO  -^  CH,0  +  O,. 
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This  process  is  endothermic  and  sunlight  furnishes  the  reqyir 
energy  and  chlorophyll,  the  green  material  of  leaves,  the  necessarjj 
eatal>i.ic  agent.  The  general  property  of  the  aldehydes,  ease 
oxidation,  is  illustrated  by  the  comnaon  method  of  disinfectioc 
in  which  potassium  permanganate,  an  oxidizing  agent,  is  added 
the  aldeh^'de  and  the  heat  of  reaction  with  a  part  of  the  aldehyde 
drives  the  remainder  out  of  solution  as  a  gas.  The  best  known 
'  aldehyde  of  the  ring  type  is  benzaldehyde,  CeHj  •  CHO,  known  as 
oil  of  bitter  almonds.  This  aldehyde  has  an  important  place  in 
the  history  of  organic  chemistry,  (See  Schoriemmer's  Rise  of. 
Organic  Chemistry.)  f 

Ethers*  —  When  alcohols  are  treated  with  appropriate  dehy- 
drating reagents,  water  is  eliminated  from  two  molecules  of  the 
alcohol  and  bodies  are  produced  which  bear  the  same  relation  Um 
alcohols  as  the  inorganic  oxides  to  the  corresponding  hydroxidcd| 
Thus  we  have  from  ordinary  alcohol  by  use  of  sulfuric  acid  as  a 
dehydrating  agent. 


SCiHaOH  —  (CiHfi)iO  +  H,0, 


1 


The  ethers  may  be  represented  by  the  general  formula  R— O  — 

and  R^  may  or  may  not  be  the  same  radical  as  R. 

Of  the  ethers  the  most  valuable  is  "  sulfuric  ether,"  (CsHft)^©,^ 
so-called  becau6?e  of  the  use  of  sulfuric  acid  in  its  manufacture. 
It  is  a  very  volatile  Uquid  (b.p.  34.6*^),  and  owes  its  value  to  this 
volatility  coupled  with  its  power  of  producing  anaesthesia.  It  is 
also  extensively  used  as  a  solvent,  particularly  for  fats  and  oils. 


77i€  Acids*  —  The  organic  acids  form  a  very  large  and  important 
group  of  compounds.     The  group  characteristic  of  them  is  called 
the  carboxyl  group  —  COOH  and  may  be  considered  as  derivedn 
from   the  hydrocarbons   by  the   introduction   of   three   hydroxyl| 
groups  in  place  of  three  hydrogen  atoms  with  subsequent  elimina- 


tion of  water.    Thus  methane,  CHi  — >  HCCOH)^  - 


^O 
►  RCZ       ,  formic 

^OH 

acid*  There  is  a  very  great  variety  of  such  compounds.  There 
is  possible  a  series  of  acids  containing  one,  two,  tJiree,  or  more 
carboxyl  groups  corresponding  to  each  hydrocarbon  series.  We 
may  then  represent  the  general  formula  of  the  monobasic  arids  l>y 
the  formula  R— COOH  where  R  is  a  univalent  radical  and  the  othex- 


^ 


r 


^ 


Beries  by  R*  •  (COOH),  where  ,  has  a  value  dependent  upon  the 
valence  of  R** 

The  series  of  monobasic  acids  derived  from  the  methane  hydro- 
carbons are  known  as  the  fatty  acid  aeries  because  organic  salts  of 
certain  of  the  more  complex  members  are  the  ordinary  fats.  Indeed 
many  of  the  acids  occur  either  as  salts  or  as  free  acids  in  nature- 
Acetic  acid,  CHaCOOH,  the  second  member  of  the  Beries,  is 
nrnde  by  direct  oxidation  of  ordinary  alcohol,  but  the  progress  of 
the  reaction  is  difficult  to  control  since  too  vigorous  reaction  pro- 
duces carbon  dioxide  and  water.  With  the  aid  of  the  bacterium^ 
Mycodermus  acetus^  colonies  of  which  are  know^  as  "  mother  of 
vinegar,"  the  oxidation  takes  place  in  the  air  at  the  ordinary 
temperature  in  alcoholic  solutions  of  not  too  great  concentration. 
The  product  is  known  as  vinegar.  Its  acid  content  is  usually  about 
4  per  cent-  It  contains  besides  water  and  the  acid  the  flavoring 
materials  and  salts  of  the  fruit  juices  from  which  the  alcohol  was 
prepared*  From  vinegar  by  fractional  distillation  a  very  concen- 
trated acid  may  be  prepared,  and  when  this  is  cooled  sufficiently, 
pure  acetic  acid  may  be  frozen  out.  The  pure  acid  is  known  as 
**  glacial  "  acetic  acid.     It  boils  at  118°  and  melts  at  16.7^ 

Acetic  acid  is  also  formed  when  wood  is  distilled  and  the  aqueous 
solution,  pyroligneous  acid,  may  be  used  as  a  source  of  artificial 
vinegar  or  of  pure  acetic  acid.  The  greater  portion  of  the  acid 
obtained  from  wood  is  converted  into  acetate  of  lime  and  used  for 
the  preparation  of  acetone.  (For  additional  points  concerning  this 
series  of  acids,  see  fats.) 

Of  the  dibasic  acids  of  the  paraffin  series,  the  simplest  member, 
oxalic  acid,  is  regarded  as  composed  of  two  carboxyl  groups,  HOOC 
—  COOH.  Its  salts  are  of  frequent  occurrence  in  nature,  espe- 
cially its  acid  salts  in  the  different  varieties  of  oxalis.  It  is  a  crys- 
talline substance,  HiCjOi  •  2H2O,  which  finds  extensive  use  as  a 
laboratory  reagent.  Its  calcium  salt  is  the  most  insoluble  salt  of 
calcium  and  is  hence  used  in  the  quantitative  determination  of 
the  metal.     It  is  also  an  excellent  reducing  agent. 

The  acids  containing  several  carboxyl  groups,  the  polybasic 
acids,  are  not  of  great  importance,  but  certain  "  mixed  acids  "  are 
and  will  be  referred  to  later.  { Vide  infra.)  The  most  important 
of  the  acids  of  the  ring  type  is  benzoic,  acid,  OflHiCOOH,  and 
while  found  in  nature  in  certain  fruits,  e,g.,  in  cranberries,  is  made 
ordinarily  froni  coat  tar.  It  is  used  in  various  ways,  the  best  known 
being  as  a  preservative  <►!'  Ijieverages  and  food  materials. 
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Esters,  —  The  salts  of  organic  acids  made  by  replacement  of  the 
hydrogen  of  the  carboxyl  group  by  an  organic  radical  are  known  as 
esters,  or  as  ethereal  salts,  e.g. : 

CjH^OH  +  CHa  COOH  ^  CH,COOCH,  +  HtO. 

The  direct  formation  of  these  compounds  is  slow  owing  to  the  weak- 
ness of  the  akohols  as  basic  substances  and  to  the  small  ioniisa- 
tion  in  general  of  organic  acids*  The  reaction  is  also  reversible 
and  hence  is  made  more  complete  in  the  direction  — ♦  by  the  presence 
of  dehydrating  agents.  The  ethereal  salts  differ  from  ordinary  in- 
organic salts  in  being  not  only  more  yniformly  insoluble  in  water,  but 
in  being  non-electrolytes  even  when  soluble.  The  name  eMer  was 
coined  to  emphasize  this  difference.  The  name  ester  is  also  used 
for  the  salts  produced  by  reaction  between  inorganic  acids  and 
alcohols.  Certain  of  these  have  been  already  mentioned  in  con- 
nection with  nitric  acid  (q.v,). 

I  The  esters  of  certain  acids  are  present  in  fruits  and  flowers, 
and  either  singly  or  as  mixtures  are  responsible  for  most  of  the 
flavors.  The  esters  of  the  mooohydric  alcohols  with  the  more 
complex  acids  of  the  paraffin  series  are  known  as  Wdxes.     The  glyc- 

,  erine  salts  of  the  higher  acids  of  the  same  series  are  known  Bsfats, 
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Fats*  —  Of  the  fats,  the  most  important  are  the  glyoerides  of 
palmitic  acid  (CieHaiOj),  of  stearic  acid  (CjsIlwOj),  and  of  oleic 
acid  (CtsHjjOa).  These  mixed  with  each  other  in  varying  pro- 
portions and  with  small  quantities  of  other  esters  make  up  the 
fats,  such  as  lard,  tallow,  suet,  etc. 

Olein,  C3Hb(CtfHai02)8,  is  the  glyceride  of  an  unsaturated  acid  of 
the  ethylene  series  and  is  the  most  common  of  the  liquid  fats  which 
are  known  as  ails.  These  oils  very  frequently  occur  in  seeds  and 
sometimes  contain  esters  of  unsaturated  acids,  such  that,  when 
exposed  to  the  air,  they  oxidise  to  solid  forms  and  hence  may  be 
used  in  paints  and  varnishes  as  dryers,  or  frequently  as  varnishes. 
Examples  are  linseed  oil,  hemp  oil,  china  wood  oil,  etc. 

In  other  cases,  the  oils  will  not  harden  on  exposure  to  the  air, 
but  by  conversion  of  the  unsaturated  radicals  to  saturated  by 
addition  of  hydrogen,  solid  fats  similar  to  animal  fats  may  be  pre- 
pared. An  example  is  cottonseed  oil,  which  by  hydrogenation, 
using  finely  divided  nickel  as  a  catalytic  agent,  is  converted  into 
an  edible  fat. 
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SapanificatUm:  Simps.  —  The  revereal  of  the  reactkm  men- 
tioned on  p.  362  is  favored,  of  course,  by  increase  of  concentration 
of  hydroxyl  ions,  and  if  alkali  hydroxides  are  used,  the  products 
when  fats  are  used  are  glycerine  and  a  soap.  The  process  is,  there- 
fore, called  saponification.    Thus : 

CtHfi(Ci«H»Ot)i  +  3NaOH  ->  CsH»(OH),  +  SNaCiAA. 


The  solid  soaps  are  the  sodium  sa^  of  the  fatty  acids,  whHe  9oii 
soaps  are  potassium  salts. 

The  soaps  produced  from  the  various  natural  fats  differ  some- 
what according  to  the  composition  of  the  fat  used  and  also  vary  in 
respect  to  the  amount  of  glycerine  which  is  allowed  to  remain  in 
the  soap.  The  soaps  also  are  varied  in  character  by  admixture  of 
abrasive  material,  such  as  sand,  tripolite,  volcanic  ash,  etc.,  <»*  of 
medicinal  or  odoriferous  substances.  The  soaps  vary,  too,  in  water 
content,  and  certain  varieties  are  mixed  with  air  to  make  the  spe- 
cific gravity  of  the  cake  less  than  that  of  water. 

Soaps  are  the  salts  of  weak  acids  with  strong  bases,  and  when 
dissolved  in  water  are  alkaline  in  reaction.  Their  cleansing  power 
depends  in  part  upon  this  alkahnity  in  solution  and  in  part  up<m 
the  increase  of  surface  tension.  They  soften  hard  water  by  con- 
version of  the  soluble  salts  of  calcium  and  magnesium  into  insoluble 
soaps  of  these  metals. 

Ketones.  —  When  calcium  acetate  is  distilled,  a  substance 
known  as  acetone  is  produced,  CeL(iit}ltf)t)t  -♦  CaCQi  +  (CHa)tCO. 
This  is  the  simplest  representative  of  the  type  of  compound  known 

as  ketones  of  the  general  formula       ^CO.     Acetone  itself  finds 

large  use  as  a  solvent  and  for  ttu^  preparation  of  chloroform,  but 
the  chief  interest  of  the  group  for  uh  in  tlie  present  connection 
is  in  their  relation  to  sugars  (<f.v.). 

Mixed  Compounds.  Tint  relations  iA  the  oxygen  compounds 
may  now  l>e  prfifitably  Hiiifjiuariwjd  by  a  rehearsal  of  the  general 
formula  as  followH : 

R-OH     R-O-R     R^'HO     RC;0<}H     RCOOR     R-CO-R 
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It  should  now  be  apparent,  in  view  of  the  general  character 
I  organic  relations,  that  it  is  perfectly  possible  that  compounds 
known  in  which  more  than  one  of  the  above  characteristic 
relations  occur  in  a  single  substance.  Such  compounds  occur  in 
nature,  and  are  also  synthesized  in  great  numbers  and  in  large 
quantities.  We  shall  illustrate  them  by  two  types,  the  carbo- 
hydrates and  the  alcohol  acids. 

Carbohydrate  is  a  terra  used  to  describe  a  closely  related  group 
of  substances,  which  includes:  the  simple  sugars,  the  complex 
sugars,  starch  and  cellulose.  They  have  in  common  that  the 
proportion  of  hydrogen  to  oxygen  in  them  is  the  same  as  in  water. 
The  sugars  are  soluble  in  water,  while  starch  and  cellulose  are 
not.  The  simple  sugars  which  are  best  known  are  those  having 
the  composition  expressed  by  the  formula  CcHijOa.  The  most 
familiar  of  these  are  dextrose,  also  known  as  glucose  and  as  grape 
sugar,  and  levulose,  known  also  as  fructose  and  as  fruit  sugar. 
The  former  is  a  substance  which  contains  five  hydroxy!  groups 
and  one  aldehyde  group.  The  latter  '  has  a  ketone  structure. 
The  relation  may  be  indicated  by  the  structural  formula*: 

Glucose,   CHsOH - CHOH - CHOH - CHOH -  CHOH  -  CHO. 
Fructose,  CHjOH  -  CHOH  -  CHOH  -  CHOH  ^  CO  -  CH,OH. 

These  sugars  both  occur  in  many  varieties  of  fruits  and  usually 
in  unequal  quantities.  In  honey,  both  are  present  in  practically 
equal  quantities.  Their  most  striking  diflference  in  properties  is 
that  dextrose  rotates  the  plane  of  polarization  of  light  to  the 
right,  and  levulose  to  the  left.  (For  explanation  of  this  physical 
property  see  any  text-book  on  organic  chemistry.) 

The  sugar  found  in  sugar  cane,  in  beets  and  in  the  sap  of  the 
maple  tree  has  the  composition  CiaHnOi^  and  when  treated  with 
dilute  acids,  dilute  alkalies,  or  with  certain  enzymes,  it  simul- 
taneously takes  up  one  molecule  of  water  and  breaks  down  into 
dextrose  and  levulose: 


C12H22O11  +  H2O 


CeHijOj  +  CfiHijOfi. 

dextrose  levuloee 


The  process  is  slow  and  the  acid,  alkali,  or  enzyme  is  to  be  con- 
sidered as  a  catalyzer  and  the  decomposition  as  hydrolysis.  A 
similar  though  not  identical  hydrolysis  of  st^arch  and  of  cellulose 
produces  from  them  simple  sugars.  Starch  and  ceUulose  both 
have  a  composition  expressed  by  the  empirical  formula  C^Ii^Oai 
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HYDROCARBONS 

but  while  the  molecular  fonnulse  of  neither  are  known,  they  are 
certainly  different^  and  we  ordinarily  express  them  by  (CeHioO^), 
and  (CfiHioOft),,,  where  x  and  y  are  certainly  very  large  numbers.  M 
The  term  cellulose  covers  a  large  vai*iety  of  different  substances,  | 
of  similar  properties,  such  as  make  up  the  framework  of  the  cells 
of  plants*  The  term  starch  also  covers  a  large  variety  of  different 
substances  of  identical  composition  and  similar  properties.  The 
variations  of  both  are  probably  due  to  structural  and  molecular 
differences,  but  what  these  are  is  not  known  at  present. 

Fennentation  is  a  general  term  applied  to  such  reactions  as 
are  represented  by  the  conversion  of  cellulose  and  starch  to  sugars 
and  of  the  sugar  into  alcohol  and  of  alcohol  into  carbon  dioxide. 
As  these  processes  take  place  in  nature,  they  are  usually,  if  not 
always,  stimulated  by  the  presence  of  a  substance  known  as  an 
enzyme,  which  in  turn  is  usually,  though  not  always,  produced 
by  unicellular  organisms  of  the  general  type  of  bacteria.  What 
the  products  of  a  fermentation  process  are  depend  in  part  on  the 
en2yme  present  as  a  catalyzer  and  in  part  of  course  upon  tha 
substance  fermented.  There  are  three  general  types.  (1)  Total 
decomposition  into  very  simple  compounds  is  effected  by  molds 
and  other  similar  organisms  (putrefaction).  (2)  Decomposition 
involving  the  formation  of  acetic,  lactic,  and  similar  acids  pro- 
duced by  definite  varieties  of  bacterial  organisms,  which  are 
essential  to  the  formation  of  vinegar,  and  of  sour  milk,  etc»,  by 
fermentation  processes.  (3)  Decomposition  involving  fermenta- 
tion of  a  simple  sugar,  which  type  of  change  is  due  to  the  enzyme 
of  yeast  and  must  be  preceded  by  or  accompanied  by  hydrolysis, 
if  cellulose,  starch  or  cane  sugar  is  to  be  fermented*  M 

Similar  decompositions  of  albuminous  material  take  place,  ■ 

Hydroxy  Acids.  —  If  an  organic  compound  contains  an  hydroxyl 
group  and  in  addition  a  carboxyl  group,  we  speak  of  it  as  an 
hydroxy  acid.  Two  of  these  will  be  cited  as  illustrative  of  the 
group.  Lactic  acid,  QH^Oj,  is  in  form  a  carbohydrate  and  a 
polymer  of  formaldehyde,  but  its  synthetic  preparation,  which 
cannot  be  here  detailed,  shows  it  to  have  the  structure 
CHjCHOHCOOH.  It  is  most  readily  prepared  by  the  fermen- 
tation of  the  **  whey  *'  of  milk,  which  contains  a  sugar  known  as 
lactose,  CiaHjaOu, 

Lactic  acid  is  of  somewhat  special  interest  because  it  contains 
one  carbon  at^m  which  is  combined  with  four  different  radicals. 
It  has  been  found  that  when  compounds  contain  such  an  atom, 
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called  ai^  asymmetric  atom,  at  least  three  different  modifications 
can  be  prepared  which  differ  somewhat  from  each  other,  and 
in  particular  that  one  rotates  the  plane  of  polarized  light  to  the 
left,  one  to  the  right,  and  the  third  is  without  effect  on  polarized 
light.     Lactic  acid  is  the  sunplest  compound  of  this  group. 

It  would  lead  too  far  to  follow  this  topic  further,  but  the  reader's 
attention  is  called  to  the  development  from  such  considerations 
of  a  very  comprehensive  and  satisfactory  theory  of  the  space  rela- 
tionships of  the  atoms  of  organic  compounds  which  has  been  tre- 
mendously useful  The  formulae  used  to  express  such  relations 
are  known  as  stereo-formulse.  Stereo-formulae  were  first  suggested 
by  Le  Bel  and  van't  Hoff  (1871).  Through  Werner*s  hypothesis 
(q,v.)  such  space  relations  for  many  inorganic  compounds  find  ex- 
pression, and  it  may  easily  be  that  eventually  we  shall  see  with 
the  **  eye  of  the  mind  *'  the  arrangement  of  all  molecular  structures 
in  space.  It  is  an  interesting  and  inspiring  extension  of  human 
vision. 

The  other  hydroxy  acid  which  is  here  discussed  is  tartaric  acid, 
HjCjH40(*  It  is  given  special  mention  for  two  reasons*  It  was 
through  an  investigation  of  its  salts  and  those  of  its  inactive  modi- 
fication, racemic  acid,  that  the  initial  steps  were  taken  by  Pasteur 
(see  Alembic  Club  Reprints,  No,  14)  which  led  eventually  to  the 
fitereo-chemical  view  just  mentioned.  (For  further  details  consult 
texta  in  Organic  Chemistry,)  It  is  also  an  important  compound 
and  its  salts  are  extensively  used.  The  structure  of  the  acid  is 
ordinarily  expressed 

CHOHCOOH 

CHOHCOOH 

It  will  be  seen  that  it  contains  two  asymmetric  carbon  atoms  and 
Le  Bel  and  van't  Hoff*s  hypothesis  calls  for  four  compounds  of  this 
type.  All  four  exist.  £>.Ordinary  tartaric  acid  is  found  in  many 
fruits^  particularly  in  grapes,  where  it  exists  as  the  acid  potas- 
sium salt,  KHCiH^Ofi,  which  crystallizes  from  wine  and  forms  the 
most  important  component  of  the  *iees*'  of  wine.  The  crude 
deposit  is  known  as  tartar  and  by  recrystallization  the  pure  salt 
'*  cream  of  tartar  "  is  prepared.  The  cream  of  tartar  is  the  **  acid 
factor  '^  of  many  brands  of  baking  powder  (q.vJ)^  of  Seidlitz 
powders,  and  of  "  bromo  seltzer,"  and  finds  other  important  uses. 
By  neutralization  of  this  acid  salt  the  mixed  salt,  NaKC4H40ei  is 
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prepared.  It  is  a  common  cathartic  known  under  the  name 
'*Rochell0  Salts."  Tartar  emetic,  KSbOCiHiOu,  is  also  a  familiar 
drug,    r 

Mixed  compounds  of  many  other  types  and  derived  from  other 
series  are  numerous  and  of  practical  and  theoretical  importance, 
but  since  our  purpose  is  but  to  furnish  a  ^Tisgah  peep"  at  organic 
chemistry,  it  will  be  sufficient  to  call  attention  to  their  existence. 


Nitrogen  Derivatives, — There  are  several  classes  of  nitrogen 
derivative.     The  more  important  classes  are  those  derived  from 
anogen,  from  ammonia,  and  from  nitric  acid. 

The  cyanogen  derivatives  are  known  as  nitriles  and  are  prepared 

ost  readily  by  treatment  of  chloride  with  potassium  cyanide, 

e.g..  CH3CI  +  KCN  -^  KCl  +  CH3CN.     The  nitriles  of  the  paraf- 

fin  series  possess  a  special  interest  because  they  hydrolyze  with 

water  and  produce  acids  which  are  derivatives  of  the  member  of      _ 

j     the  homologous  series  next  larger  than  the  radical  from  which  they     I 

are  prepared.     Thus  ethyl  chloride,  CtHsCl,  a  derivative  of  ethane, 
'     with  potassium  cyanide,  gives  C^H&CN,  which  by  digestion  with 
water  gives  propionic  acid,  a  derivative  of  propane:  fl 

^  CtHaCN  +  2HaO  -►  CtH^COOH  +  NH,.  ^fl 

^      The  ammonia  derivatives  are  formed  by  replacement  of  one  or 
more  of  the  hydrogen  atoms  of  ammonia  by  organic  radicals*     The 
compounds  which  contain  the  NHj  group  are  especially  important,     fl 
They  are  known  as  amides  or  amines.     To  the  group  belong  a     I 
very  great  variety  of  products  of  vegetable  origin  which  are  used     | 
for  food.     They  are  also  abundantly  represented  in  the  animal 
body  and  the  simpler  compounds  are  the  forms  in  which  for  the 
most  part  the  wornK)ut  nitrogenous  material  is  excreted  from  the 
human  body.     (See  urea.) 

In  the  benzene  series,  the  most  interesting  ammonia  deriva- 
tive is  aniline,  CeHs  •  NHi,  from  which,  more  or  less  directly,  the 
great  body  of  aniline  dyes  are  derived.  The  ^'bitter  principles" 
of  plants,  the  alkaloids,  and  the  corresponding  substances  of  an- 
imal origin,  the  ptomains,  are  also  representatives  of  this  type  of 
compound. 

The  derivatives  of  the  nitric  acid  type  of  most  importance  are 

ose  produced  by  replacement  of  the  hydroxyl  group  of  nitric 

acid  by  an  organic  radical.     These  are  known  as  nitro-compounda 

and   we  have  already  mentioned  picric  acid,  or   trinitrophenol. 
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(See  p.  288.)  The  nitro-compoimds  axe  espeeially  ohaneteriied 
by  the  fadlity  with  ^diioh  they  dec^poe^  fumiflhing  gaseous 
products  of^oxidation  with  consequent  large  volume  increase.  They 
may  therefore  be  used  as  explosiYeB  or  as  components  of  explosive 
mixtures. 

The  groups  of  derivatives  containing  nitrogen  which  have  been 
mentioned  are  by  no  means  all  there  are.  For  example,  we  have  the 
pyridene  group,  the  diazo  compounds  and  the  albumins.  The 
last  mentioned  compounds  contain  sulfur,  also,  and  the  mention  of 
l^uten,  egg  albumen,  nerve  tissue,  muscle,  etc,  will  serve  to  indi- 
cate their  importance. 
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CHAPTER    XXI 
SILICON  AND  BORON 

Occurrence,  — As  has  already  been  mentioned,  silicon  is,  next 
to  oxygen,  the  most  abundant  of  the  eleraents.  SiHcon  compounds 
are  more  numerous  than  those  of  any  other  element  save  carbon* 
It  does  not  occur  in  the  free  state  in  nature.  In  order  to  present 
a  comprehensive  view  of  the  natural  forms  we  may  classify  them  ™ 
and  give  a  few  examples  of  each  class.  I 

The  oxide,  silica,  SiO^^  if  crystalUzed  is  known  as  quartz,  but 
this  term  covers  a  wide  range  of  mineral  forms.  In  separate  crys- 
tab,  it  is  known  as  rock  crystal;  if  colored  by  traces  of  various 
impurities,  it  is  known  as  amethyst,  yellow,  rose,  smoky,  or  ferru- 
ginous quartz;  if  massive,  i.e.,  without  distinct  crystalline  identity, 
as  milky  quartz.  If  not  crystalline,  it  is  known  as  chalcedony, 
agate,  onjrx,  etc.  If  high  in  color  due  to  impurities  it  is  known  aa 
jasper.  Nodules  of  amorphous  silica  are  known  as  flint.  Separate 
granules  of  silica,  pure  or  impure^  are  the  chief  factors  of  sand. 
If  sand  grains  are  cemented  together  by  amorphous  siUca,  clay, 
etCi  the  substance  is  known  as  sandstone. 

Hydrated  silica,  SiOs '  iiRtOj  h  known  as  opal»  of  which  many 
mineral  varieties  are  recognized,  ranging  from  the  jewel,  which 
owes  its  value  to  variations  in  structure  which  give  it  high  reflee* 
five  and  refractive  power,  to  tripohte,  which  is  a  chalk-hke  material 
composed  of  the  shells  of  diatoms.  M 

The  salta  of  orthosilicic  acid,  SiCOH)*,  are  abo  abundant  in  ■ 
nature.  Usually  a  silicate  contains  a  given  metal  or  metals  as  an 
essential  constituent  with  more  or  less  replacement  by  other  similar 
metals.  For  example,  garnet  is  an  orthosilicate  of  magnesium 
and  aluminium,  MgrjAl^fSiO^Js,  but  the  magnesium  is  frequently 
more  or  le^s  completely  replaced  by  calcium,  iron  or  manganese, 
and  the  ahiminium  by  ferric  iron,  chromium  or  titanium.  It 
is  usual  to  express  the  formula  Ej"Ra'"{Si04)i.  Other  orthosili- 
cates  are  olivine,  Mg{Fe)2Si04;  zircon,  ZrSiOi;  and  epidc 
Ca,Al,(A10H)(BiOi)i,  etc. 


The  salte  of  metasilicir  acid,  HjSiOa,  of  great^est  interest  areT 
Leucite,  KAl(SiOji)j,  an  important  factor  in  lavas;  pyrojcene, 
R"SiOj^  where  R  is  chiefly  Ca,  Mg,  Mn,  or  Fe,  an  extremely  com- 
mon factor  in  igneous  rocks;  hornblende,  CaMg5(SiOi)4,  of  which 
asbestos  is  a  variety.  There  are  also  many  other  minerals  of  this 
type. 

^H  PolyaiUcat^a^  — Salts  of  silicic  acids  of  complex  type  are  found 
in  nature  and  are  grouped  together  as  polysilicates  {vide  sihcic  acid). 
The  more  important  minerals  are  orthoclase»  KAlSiaO«,  and  albite, 
NaAlSiaOa.  These  are  important  because  of  their  relation  to  rock 
and  soil  formation  (rirfe  infra).  All  the  silicates  so  far  mentioned 
are  to  be  considered  as  neutral  salts  and  are  anhydrous*  There  are 
also  silicates  in  great  variety,  which  on  ignition  give  wat^er;  these 
are  cither  acid  salts  or  contain  water  of  crj^stallization.  These  are 
usually  divided  into  four  groups,  the  zeolites;  the  micas,  of  which 
muscovite,  Ht(K  •  Na)Al,(SiO«)i,  and  biotite  HaCMg  •  Fe)Als"(Si04)i, 
are  examples;  the  serpentines,  of  which  serpentine,  H4Mg3Sis09, 
and  talc,  H2Mga(SiOa)4,  are  examples;  and  the  kaolins,  of  which 
kaolin,  H4AlaSi20»,  and  ordinary  clay  are  examples.  There  are 
also  **  Bubsilicates  "  or  basic  salts,  of  which  tourmaline  is  an  ex- 
ample. Besides  all  these  varieties  of  minerals  silicate  rocks  form 
the  bulk  of  the  crust  of  the  earth.  These  are  aggregates  of  minerals 
and  examples  are  granite,  syenite,  gneiss^  basalt^  etc. 
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Soil  Fortnation.  —  When  rocks  or  the  minerals  of  which  they  are 
made  up  are  subject  for  long  periods  of  time  to  the  action  of  carljon 
dioxide,  moisture,  oxygen  and  alternate  heating  and  coolings  the 
effect  is  more  or  less  complete  disintegration  and  the  insoluble 
residue  is  known  as  **8oil/*  From  the  nature  of  the  rocks  it  follows 
that  two  factors  predominate  in  soils.  These  are  clay  and  sand. 
As  commonly  used,  both  terms  cover  a  wide  variety  of  different 
materials,  but  since  orthoclase  may  be  taken  as  a  typical  silicate 
and  by  weathering  produces  an  acid  silicate, 

KAlSitOs  +  HtCOs-^  KHCO,  +  HAlSi^O,, 


the  latter  compound  may  be  considered  as  a  typical  clay.  As  tlie 
different  rock  components  are  unequally  affected  by  weathering, 
the  soils  will  contain  varying  amounts  of  undecomposed  minerals. 
The  original  products  of  weathered  rocks  are  moved  from  place 
to  place  by  water  transport  and  by  winds.     As  plants  grow  on  soil 
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I  and  partially  decay  the  soils  become  more  and  more  intermixed 
with  organic  substances.  Finally  all  soils,  at  least  all  fertile  soils, 
are  the  habitat  of  a  great  variety  of  bacterial  forms  of  life.     It 

I  follows,  then,  that  a  given  sample  of  soil  may  be^  and  usually  is,  a 
Vefy  complex  mixture  of  substances. 
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Uses,  —  Silica  and  the  silicates  as  they  occur  in  nature  are  uti* 

zed  to  a  very  great  extent  and  the  industry  which  concerns  itself 

ith  their  preparation  for  market  is  of  great  importance.     The 

most  valuable  materials  are  those  used  for  building  stone;  granite, 

sandstone  and  slate.     Many  of  the  siliceous  materials  are  prepared 

for  industrial  purposes  by  various  manufacturing  operations. 

Talc  is  cut  or  ground  for  use  as  a  filler  in  paper  manufacture,  as 
a  lubricant,  in  the  preparation  of  cosmetics  and  certain  soaps,  for  _ 
gas  tips,  for  slate  pencils,  for  electrical  switchboards,  baths,  sinks,  ■ 
cnicibles,  furnaces,  table  tops,  etc.  The  micas  are  prepared  for 
use  in  electrical  devices,  for  stove  and  furnace  doors,  for  covering 
for  steam  boilers,  for  spangling  wall  paper,  in  calico  printing,  for 
ornamentation  of  porcelain,  etc.  _ 

Asbestos,  which  is  serpentine  or  hornblende  in  fibrous  form,     ■ 
is  used  to  make  non-inflammable  paper,  cloth,  boiler  and  steam 
pipe  covering,  yarn  and  rope  for  packing  valves,  etc.     Feldspars 
are  used  in  large  quantity  as  glazing  material  for  pottery  (^.r.).  M 

Quartz  in  various  forms  is  used  in  great  quantities  aa  decora*    ■ 

I      tive  building  material,   for  the  manufacture  of  glass,  porcelain, 

^■plaster,  concrete,  sandpaper,  whetstones,  grindstones,  as  an  abra- 

^Kive  in  soaps  and  scouring  powders,   etc.     Over  a  million  tons 

of  sand  a  year  are  produced  in  this  country  alone.    Tripoli,  or 

infusorial  earth,  is  used  in  filters,  polishing  powders,  dynamite  and 

in  various  other  ways. 

Kaolin  and  other  varieties  of  clay  are  used  in  the  manufacture 
of  brick,  cement,  earthenware,  pottery,  porcelain,  sewer  pipes,  etc. 
A  specially  fine  grained  clay,  known  as  fuller's  earth,  is  used  as 
a  filteiing  material  for  clarifying  and  bleaching  mineral  oils,  lard 
and  cottonseed  oil.  Finally,  certain  varieties  of  siliceous  min- 
erals are  used  as  gems.  Examples  are  beryl,  opal,  garnet,  topaz, 
chrysolite,  tourmahne,  etc. 

History.  —  The  use  of  siliceous  materials  by  man  dates  back  to 
prehistoric  times  and  even  the  manufacture  of  glass  is  of  uncer- 
tain antiquity.     The  recognition   of  the  fundamental   character 
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of  silicon  dioxide  as  an  acidic  material  we  owe  to  Scheelep  1773, 

Berzelius  in   1823  prepared  amorphous  ailicoti.     Crystalline  sili- 
con was  first  made  by  St,  Clair  Deville  in  1854. 

Preparation,  —  If  an  active  metal,  such  as  sodium  or  potassium, 
IS  heated  with  silicon  fluoride  or  si h con  chloride  an  amorphous 
powder  is  produced.  The  same  materia]  may  also  be  prepared 
by  passing  the  vapor  of  sihcon  tctraehloride  over  molten  alumin- 
ium. The  aluminium  chloride  formed  volatilizes  and  the  silicon 
dissolves  in  the  excess  met^l  from  which  it  crystallizes  in  long 
lustrous  crystals.  Huge  quantities  of  silicon  are  prepared  by  the 
simultaneous  action  of  carbon  and  iron  on  silica  incident  to  the 
preparation  of  pig  iron,  which  contains  about  2%  silicon  (see  pig 
iron  manufacture). 

Properties^  Physical  and  ChemicaL  —  The  element  in  its 
amorphous  form  is  a  brown  powder.  It  does  not  react  with  acids* 
It  unites  fairly  readily  with  chlorine,  bromine  and  oxygen  when 
heated.  It  also  combines  readily  with  nitrogen  at  high  tempera- 
tures. It  will  decompose  hydrochloric  acid  gas  at  high  temper- 
ature and  is  slowly  dissolved  by  ac|ua  regia  and  the  corresponding 
mixture  of  hydrofluoric  acid  and  nitric  acid.  It  has  a  specific 
gravity  of  2.85  and  melts  at  about  1500"^.  The  crystalline  variety 
is  harder  than  glass  and  varies  in  specific  gravity  according  to 
mode  of  preparation  from  2.35  to  3,0.  It  is  less  active  chemically 
in  general  than  the  amorphous  variety. 

The  element  is  not  prepared  in  large  quantity,  except  inci- 
dentally as  a  by-product,  since  it  does  not  as  yet  find  extensive 
use.     The  crystals  are  used  as  coherers  in  wireless  telegraphy. 

COBIPOUNDS 

Silicon  Hydrides,  —  Silicon  forms  with  hydrogen  a  series  of 
compounds  analogous  to  those  of  carbon,  but  much  fewer  in  num- 
ber. Only  three  are  certainly  known.  These  are  silico-methane, 
Si  Hip  sib  co-ethane,  SitH^,  and  silico-acetylene,  Si2Hj.  It  is  con- 
ceivable that  others  and  their  derivatives  may  be  prepared.  These 
"  hydrosilieons  "  may  be  most  readily  prepared  by  treatment  of 
metallic  silicides  with  acids,  e.g.,  magnesium  silieide,  Mg^Si,  when 
treated  with  concentrated  hydrochloric  acid,  gives  a  spontaneously 
inflammable  mixture  of  hydrogen,"  silicane,"  Sill*,  and  silico-ethane, 
SifHtf.     This  may  be  illustrated,  using  the  same  t^'pe  of  apparatus  as 
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was  used  for  arsine  and  phosphine  (Fig-  80)*  Pure  gilicane  is  not 
spontaneously  inflammable,  but  burns  readily  to  silica  and  water 
(</.  p.  302). 

The  Haliden,  —  Of  the  halides  the  most  interesting  is  silicon 

tctrafluoride,  SiFf.  It  was  discovered  by  Schoele.  It  is  made 
by  direct  treatment  of  silica  or  of  silicates  with  hydrofluoric  acid, 

Sid  +  4HF  -*  SiFt  +  2H»0. 

It  is  a  colorless,  insoluble  gas  with  a  characteristic  odor.  If  it 
is  passed  into  water  some  of  it  is  hydrolyzed: 

SiFi  +  4HaO  —  H^SiO*  +  4HF. 

The  hydrofluoric  acid  so  produced  unites  with  the  fluoride  to 
form  a  soluble  acid: 

SiFi  +  2HF  -♦  H2SiF6,  hydrofluosilicic  acid. 

This  add  or  its  salts  finds  use  in  artificial  petrification  of  wood, 
as  an  electrolyte  in  the  electrolytic  manufacture  of  lead  and  in 
other  ways  of  less  moment.  The  chief  interest  of  the  silicofluoride 
lies  in  its  incidental  preparation  m  the  process  of  etching  glass 
{cf.  p.  148). 

From  the  halides  of  silicon,  particuiarly  silicon  tetrachloride^ 
a  considerable  variety  of  derivatives  have  been  made,  such  a^: 
SiiCU,  Si^Ck  SiHCla,  SiHCU,  Si(NH,)4,  etc.,  for  details  of  which 
the  reader  is  referred  to  larger  works. 

Silica  and  the  Acids  of  SiUean.  —  Silicon  dioxide  like  carbon 
dioxide  is  the  anhydride  of  an  unstable  acid.  When  silicon  tetra- 
chloride is  hydrolyzed  the  products  should  be,  by  double  decom- 
position, SiCU  +  4HjO  -*  4HC1  +  SiCOH)*,  hydrochloric  acid  and 
orthosilicic  acid.  If  the  attempt  is  made  to  isolate  this  substance 
by  evaporation,  a  jelly-like  substance  is  obtained.  It  is  appre- 
ciably soluble  in  water.  When  the  solution  is  dialyzed,  a  solu- 
tion is  obtained  which  contains  about  5%  of  silica.  The  process 
of  dialysis  is  carried  out  interposing  between  the  solution  and 
pure  water  a  parchment  or  similar  membrane,  through  which  the 
hydrochloric  acid  or  soluble  salts  may  pass  (Fig.  88),  The  silicic 
acid  appears  to  be  in  colloidal  solution ^  i.e.,  while  so  finely  divided 
that  it  will  pass  through  filter  paper  and  remain  indefinitely  in 
suspension,  it  does  not  modify  the  freezing  and  boiling  points 
of  water  and  otherwise  behaves  differently  from  true  solutioDB. 
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>ther  subfitanees  are  capable  of  eKisting  in  eolloidal 
dition.  Examples  are  finely  divided  metals,  aluminiuin  hydroxide, 
ferric  hydroxide,  starch,  etc.  Colloids  of  this  sort  are  known  as 
hydrosols.  If  acid  is  added  to  a  solution  of  a  sr^uble  silicate  or 
if  a  strong  solution  of  the  hydrosol  is  allowed  to  stand,  a  jelly- 
like  mass  forms,  known  as  a  hydrogeL  This  jelly,  if  air  dried ^ 
^       ,  — ^         contains  about  16%  water,  but  if  heated^  the 

water  content  decreases  until  at  about  500** 
anhydrous  silica  remains.     The  hydrogel  if 
J^    L  dried  in  vacuo  over  sulphuric  acid  has  ap- 

I  =^--:^-^Vh  proximately  the  composition  corresponding  to 

[  |=^^^pg|  the  formula  HiSiOg,  or  metasilicic  acid.     This 

f  ^^^E^  for^  is  readily  soluble  in  sodium  carbonate  or 

^^^^^p  hydroxide  and  indeed  reacts  appreciabl}'  with 

P^'^  hydrochloric  acid.     The  higher  the  tempera- 

ture to  which  the  silicic  acid  is  heated  the 
less  soluble  it  becomes  until  if  heated  to  1000°  it  is  practically 
insoluble.  This  behavior  of  silicon  dioxide  is  also  shown  by  certain 
other  oxides  and  notably  by  aluminium  oxide  (g.tf.). 

It  is  doubtful  if  definite  hydrates  of  silica  are  formed.  It  is 
nevertheless  the  case  that  definite  minerals  are  found  and  certain 
compounds  are  prepared  artificially  which  indicate  the  relationship 
shown  by  the  following  formulae: 


Si(0H)4  -  HjO  - 
2Si(OH)4  -  HiO  - 
2Si(OH)4  -  3HjO, 

2H,SiOi  -  H»0  - 
3Si(OH)4  -  4HjO  - 


HtSiO»,  metasilicic  acid, 
HeSitOr,  orthodiflilicic  acid, 


or 


HtSiiOb^  metadisilicic  acid^ 
HirfijOs,  trisilicic  acid. 


The  occurrence  of  salts  of  these  acids  has  already  been  dis- 
cussed {tdde  p.  365  et  seq.). 

Silica  can  be  raelted  at  about  1600°,  and  when  cooled  it  forms  a 
vitreous  mass  known  as  quartz  glass.  The  coefficient  of  expansion 
of  this  glass  is  very  small,  and  in  consequence  the  material  may  be 

ted  or  cooled  quickly  without  fracture. 


GUiss.  —  Molten  silica  forms  homogeneous  mixtures  with  sili- 
cates, i*e.f  solutions,  which  when  cooled  do  not  separate  nor  crystal- 
lisie.     In  the  process  of  cooling  the  liquid  mass  shows  no  definit4t 
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transition  point  from  the  liquid  to  the  solid  state.  These  solutions 
are  known  collectively  as  glass,  and  at  the  ordinary  temperature 
may  be  regarded  as  very  viscid  liquids. 

Glass  is  ordinarily  made  by  fusion  of  quartz,  or  pure  sand,  with 
Bodium  carbonate  and  limestone  in  proper  proportions  to  make  the 
fused  residue  have  the  composition  Na^O  •  CaO  •  GSiOa-  For 
cheap  varieties  of  glass  sodium  sulfate  and  charcoal  may  be  used 
instead  of  soda.  Since  perfectly  pure  materials  are  expensive, 
more  or  less  impure  substances  are  used,  and  the  consequent 
colors  are  compensated  by  addition  of  suitable  quantities  of  man- 
ganese dioxide  or  of  selenium.  The  various  kinds  of  glass  are  of 
three  type^  according  to  the  method  of  treatment  of  the  fused 
material,  nz.f  **  blown/'  *'  blown  in  the  mold/*  and  **  cast.** 

To  make  glass  the  raw  materials  are  mixed  in  the  proper  pro- 
portions and  heated  to  a  temperature  just  below  the  melting  point 
to  permit  the  reaction  to  take  place.     This  may  be  expressed: 

CaCOa  +  NajCO,  +  6SiOj  -*  Na^SiOs  +  CaSiOi  +  4Si02  +  2C0i. 

The  gases  are  allowed  to  escape  and  the  temperature  raised  to  the 
melting  point,  about  1200'*,  and  kept  hot  until  a  quiet  fusion  is 
obtained.  The  crucible  is  then  allowed  to  cool  to  about  800", 
when  the  glass  is  pasty.  Suitable  masses  are  then  collected  on 
long  metal  tubes  and  blown  by  the  workmen  into  the  desired  form. 
For  window  glass,  long  cylindrical  bottles  are  blown,  and  when  cold 
the  ends  are  cut  off  by  wrapping  a  string  of  hot  glass  around  the 
cylinders  and  touching  the  heated  ring  with  a  cold  iron  point. 
A  crack  instantly  follows  the  string  of  glass  around  the  portion 
heated.  The  cylinder  so  produced  is  split  lengthwise  by  means  of 
"  marking  **  it  with  hot  iron  and  touching  the  hot  streak  at  one  end 
with  cold  iron.  The  spht  cylinder  is  then  placed  in  a  furnace  and 
heated  until  it  flattens  out  to  a  smooth  sheet.  It  is  then  annealed 
by  being  cooled  very  gradually,  and  when  cool  is  cut  into  desired 
01268.  If  annealing  is  not  well  and  carefully  done,  the  glass  is 
brittle  and  readily  cracked.  Beakers,  flasks,  test-tubes  and  all 
better  grades  of  glassware  are  blown  by  hand.  Glass  tubing  is 
made  by  making  first  a  hollow  globe  of  glass  and  rapidly  drawing 
it  out  to  the  desired  diameter.  Bottles  and  other  cheap  glass 
articles  are  usually  blown  into  suitable  molds.  Cast  glass  is  made 
by  running  molten  glass  into  flat  pans  of  suitable  dimensions,  and 
when  cold  the  sides  are  ground  until  smooth  and  t)ien  polished. 
The  most  important  variety  is  *'  plate  glass/'    The  art  of  blowing 
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glass  is  one  which  requires  a  long  apprenticeship  and  a  high  degree 
of  skill. 

Glass  is  also  graded  according  to  composition.  Common  glass 
has  the  compasition  previously  indicated,  but  it  softens  readily 
when  heated,  and  is  rather  readily  soluble.  For  chemical  purposes 
a  less  fusible  and  less  soluble  glass  is  m»ide  by  substituting  pot^a^- 
fiium  carbonate  for  sodium  carbonate.  This  ia  known  as  Bohemian 
or  hard  glass.  Lead  carbonate  and  potassium  carbonate  may 
used  with  silica  to  produce  a  glass  with  a  high  index  of  refractiod 
suitable  for  use  in  optical  iostroments.  It  is  heavy  and  soft,  and 
by  grinding,  "  designs  *'  may  be  cut  into  its  surface.  This  is  known 
as  cut  glass.  CavaUer  glass^  jena  glass  and  many  other  8pecia|l 
varieties  of  chemical  glassware  are  made  by  using  potassium  car- 
bonate or  zinc  carbonate,  and,  in  lieu  of  a  portion  of  the  silica, 
boric  acid. 

Molten  glass  wiU  dissolve  many  oxides  of  metals,  since  it  ap^ 
parently  contains  siUca  capable  of  reacting  thus:  CujO  +  SiOi- 
CuiSiOi  (c/.  phosphates^  p.  305,  and  borates,  p.  380),  and   manj 
of  these  oxides  produce  colored  glasses.     Thus  cobalt  oxide  gives 
blue,  chromium  green,  uranium  yellow,  cuprous  oxide  ruby,  etc^ 
Colloidal  suspensions  of  finely  divided  materials  also  produce  special" 
glasses,  e.gr.j  gold   produces  a  deep  red  color,  stannic  oxide  milk 
glass,  etc.     It  was  in  the  study  of  these  glasses  that  the  ultrami' 
croscope  was  developed. 


Paitery^  etc,  —  Clay  becomes  plastic  when  moist  and  can 
molded  into  desired  forms.  When  dried,  it  shrinks  and  becomes 
hard,  but  is  fragile.  It  may  be  made  stronger  by  using  fibrous 
material  in  the  molded  mixture.  Air-dried  materials  of  this  type 
were  manufactured  many  centuries  ago  and  used  in  building  opera- 
tions and  for  many  other  purposes  (c/.  Exodus  5:7).  When  heated 
to  a  high  temperature  the  molded  clay  retains  its  shape  and  acquires 
considerable  mechanical  strength.  It  loses  the  power  of  again 
becoming  plastic  with  water  (c/.  p,  371),  These  properties  have 
given  clay  working  a  most  important  place  in  industry.  From 
it  are  made  various  types  of  material  which  may  be  classified  into 
three  groups:     Porcelain,  pottery  and  brick. 

Porcdain  is  the  name  applied  to  the  highest  grade  of  ware 
made  from  clay.     It  is  made  by  grinding  very  pure  kaolin  witl 
feldspar  and  making  up  to  a  plastic  mass  by  addition  of  watei 
It  is  then  molded  into  the  desired  forms,  dried  and  fired  at 
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temperature  of  about  1200^*.  This  forms  the  so-called  "  biscuit 
body/*  which  is  then  glazed  by  dipping  in  a  thin  paste  of  feldspar, 
or  a  mixture  of  suitable  type,  and  refiring.  The  glaze  melts  and 
forms  a  homogeneous  translucent  cover  for  the  clay  body.  Such 
ware  is  used  for  tableware  under  the  name  **  china/'  If  less 
pure  clay  is  used  and  less  care  is  used  in  glazing  we  have  various 
grades  of  pottery.  Unglazed  pottery  is  used  for  tile^  flower  pots,  etc. 
If  the  clay  is  burned  alone,  the  product  is  known  as  brick^ 
and,  if  heated  to  incipient  fusion  in  burning,  as  "  vitrified  brick/' 
Fire  brick  have  an  exceas  of  free  silica.  The  color  of  brick  depends 
upon  the  quantity  and  character  of  the  impuriti^  of  the  clay. 
The  red  color  is  due  to  ferric  oxide. 
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Occurrence,  —  Boron,  though  in  a  different  periodic  group  and 

with  a  different  valence,  has  many  properties  relating  it  to  silicon. 
In  other  respects  it  is  similar  to  the  metals  {vide  infra).  It  forms, 
therefore,  a  very  striking  '*  border  line  "  element  (see  periodic 
table). 

It  is  found  in  nature  ordinarily  either  as  free  boric  acid*  as 
in  the  fomeroles  of  Tuscany,  or  as  some  more  or  less  modified 
salt  of  the  same  acid  (vide  infra).  These  forms  are  tincal,  crude 
borax,  NaftB40t,  found  in  Thibet  and  India  and  especially  in 
southern  California,'  colemanite,  CanBeOu  *  5H«0;  ulexite}  NaiB^CV 
;CaB407)i  *  ISHsO  and  borocite  (MgaBaO&jMgCIt,  etc. 


History,  —  The  term  borax  is  of  ancient  and  uncertain  origin, 
but  the  name  boric  acid  came  to  be  used  for  the  free  acid  following 
Lavoisier's  revision  of  terms.  Impure  boron  was  first  made  in 
1808  by  Gay-Lussac  and  Thenard,  and  practically  pure  boron 
by  Moissan  in  1892.  Recently  Weintraub  (Jour,  Ind.  and  Eng. 
Chem.,  Vol.  5,  p  106)  has  prepared  boron  by  first  reducing  the 
trioxide  with  magnesium  and  then  fusing  the  element  in  an  electric 
furnace. 

Preparation  and  PropertieB.  —  The  element  may  be  prepared 
in  both  the  amorphous  and  crystalline  form.  The  amorphous 
form  is  rather  readily  attacked  by  oxidizing  acids  and  is  at  high 
temperature  capable  of  reducing  both  silica  and  carbon  monoxide, 

both  the  amorphous  form,  a^  prepared  by  Weintraub,  and 
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the  crystalline  form,  as  prepared  by  solution  of  boron  in  molten 
aluminium,  and  from  which  it  cryatallizee  on  cooling,  boron  is 
very  hard,  yielding  only  to  the  diamond*  It  is  brittle  and  when 
cold  is  a  very  poor  conductor,  but  at  400*^  C  ite  conductivity 
has  increased  over  two  million  fold.  In  this  respect  it  is  similar 
to,  but  more  remarkable  than,  carbon.  The  element  unites  very 
readily  at  high  temperature  with  nitrogen  to  form  the  nitride. 

In  general,  boron  behaves  as  a  non-metaDic  element  in  thatJ 
its  hydroxide  behaves  as  an  acid,  though  a  very  weak  one,  audi 
its  halides  hydrolyze  with  water.     It  also  forms  a  double  fluoride^  I 
HBF4,  hydro fluoboric   acid,    analogous    to    hydrofluosilicic    acid, 
HiSiFi.     On  the  other  hand,  boric  oxide  reacts  with  concentrated 
sulfuric  and  phosphoric  acids  to  form  readily  hydrolyzed  salts, 
B(HSO*),  and  BPO4. 

The  element  has  as  yet  no  very  extended  uses,  though  its 
remarkable  change  of  conductivity  with  temperature  points  to 
probable  future  application*  The  only  compounds  which  need 
detailed  discussion  in  this  place  are  boric  acid,  B(OH)t,  and  its 
derivatives. 

Boric  Acid.  —  Boron  trichloride  can  be  made  by  direct  union 
of  boron  and  chlorine,  or  by  heating  boric  oxide  and  carbon  in 
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a  stream  of  chlorine  or  by  treatment  of  boron  or  boric 
oxide    with    hydrochloric    acid.      If    the    trichloride    is 
treated   with   water  a   reaction  takes  place  which  can 
scarcely  be  other  than  BCI3  +  3H,0  -*  B(OH),  +  SHO. 
The  trihydroxide  should  behave  itself  as  a  tribasic  acid 
and  undoubtedly  does  so  though  but  few  orthoborates 
have  been  prepared*     That  it  does  so  act  is  shown  by 
the  existence  of  magnesium  orthoborate,  and  more  par- 
ticularly by  the  formation  of  triethyl  borate  BOaCCiHOi* 
a  volatile  compound  the  vapor  density  of  which  corre- 
sponds with  the  formula  given.    This  compound  is  formed 
when  borax  and  alcohol  are  heated  with  sulfuric  acid.    It  _ 
burns  with  a  green  flame.     This  is  the  ordinary  quaUta-  ■ 
tive  means  of  detecting  boron  (see  Fig,  89),     Boric  acid 
salts  are,  however,  usually  not  ortho-salts,  which  may  be 
due  to  the  fact  that  the  second  and  third  stages  of  ioniza- 
tion, HsBOa-^H^  +  HsB'Oa-^H^  +  HB"Oa-*H^  +  B0,"\  - 
do  not  readily  take  place  with  a  weak  acid  (cf,  p.  306),  as  is  to  be  f 
expected  from  the  law  of  mass  action.     It  is  more  probably  due 
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to  the  facility  wth  which  the  ortho-acid  loses  water  to  form  the 
meta-acid  and  "  condensed  "  acids  analogous  to  those  of  silicic 
acid  (g.fO*     The  relationahipa  of  the  two  more  important  of  theee 

are  shown  by  the  following  constitutional  formulae: 

/OH  ^0 

B  -  OH  —  B  Metaboric  acid,*  B(OH),  -+  HBO,  +  H,0. 


Tetraboric  acid,  4B(0H)i  -» HiB^Or  +  5H,0. 


k 


/OH 
B-OH  ^( 

^OH       B 

/OH  )( 

B^OH       B-( 

^0H_.      \ 

/0H~*     /^ 
B-OH       B-( 

^OH      ;c 

/OH       B^ 
B-OH  "^t 

^OH 

The  salts  of  both  the  meta-  and  tetra-acids  are  found  in  nature 
(pid^  occurrence)- 

By  complete  dehydration  of  the  trioxide  the  anhydride  is 
formed,  2B(0H)i  -^  BjO,  +  3H,0, 

I  Borax.  —  The  above  relations  have  special  interest  because  of 
Hhe  extensive  uses  of  borax  (sodium  tetraborate*)  It  may  be 
made  by  digesting  boric  acid,  which  is  but  slightly  soluble  in  water, 
with  soda  ash  and  evaporating  the  solution  to  crystallization  when 
the  crystals,  NasB^O?  •  lOHjO,  are  formed.  It  is  usually  made  by 
recrystallization  of  the  crude  borax  found  in  nature  or  by  digesting 

*  The  molecular  formuk  of  metaborio  acid  is  not  known  and  it  may  be 

/^\ 
HfBilO«i  and  hence  have  the  atructure  HO— B  v       ^  B— OH,  and  by  elimination 


of  water  from  two  molecules  of  this  the  tetraboric  acid  may  have  the  formula: 
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the  caloium  ores  with  soda  ash  and  cryBtallizing  the  solution  fonned, 
The  borax  so  prepared  is  used  in  the  manufacture  of  glass  and 
enamels;  as  a  preservative,  since  like  the  acid  it  has  antiseptic 
power;  as  a  toilet  preparation  (borated  talcum  powders);  a» 
a  flux  in  welding  and  assaying,  and  for  the  preparation  of  boric 
acid  which  is  used  extensively  for  various  medical  purposes.  Bo- 
rax is  also  used  in  the  manufacture  of  toilet  soaps;  as  a  mildly 
alkaline  material  in  laundry  work;  and  in  a  large  variety  of  other 
applications*  In  the  laboratory  it  is  frequently  employed  to  de- 
tect the  presence  of  certain  metals  by  means  of  the  bead  test 
(c/.  p.  305  and  p.  376), 

The  salt  functions  in  the  same  general  way  in  welding*  glass- 
makiog,  and  assaying  as  in  the  bead  test.  The  hydrate  is  efflores- 
cent and  hence  loses  water  in  dry  air.  If  heated,  the  loss  of  water 
is  hastened  and  the  borax  swells  up  to  form  a  white  porous  mass. 
If  heated  sufficiently  it  melt^s  to  a  clear  vitreous  mass,  a  glass, 
which  does  not  crystallize  on  cooling.  This  is  a  market  product 
under  the  name  borax  glass. 

If  this  glass  is  melted  with  metallic  oxides  the  fused  borax 
dissolves  the  oxides,  and  in  certain  cases  colored  glasses  are  pro- 
duced which  are  frequently  characteristic,  ■ 

We  may  regard  the  anhydrous  borax  as  a  solid  solution  of  | 
sodium  raetaborate  and  boric  anhydride  and  formulate  the  reactions 

NatBiOr  ^  2NaB0a  +  B,Oa,  f 

NaBOi  +  CuO  —f  NaCuBOa,  sodium  copper  orthoborate, 

PiOa  +  CuO  — *Cu(B0t)2,  copper  metaborate. 

Which  reaction  really  takes  place  is  immaterial  since  as  carried    i 
out  in  bead  or  glass  making,  there  is  a  large  excess  of  the  unaltered  ■ 
borax.     Of  course  with  the  oxides  of  trivalent  elements  the  reactions  " 
are  analogous.     In  welding,  the  borax  dissolves  adhering  oxides 
and  being  liquid  at  the  welding  temperature  is  squeezed  out,  leav- 
ing clean  surfaces  for  welding  contact. 

Exercises*  —  1.  A  mineral  is  found  which  on  analysis  shows  as  j 
follows: 
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What  is  the  empirical  formula  when  written  K,(Na)Al^i»0.? 

2.  Write  all  the  reactions  involved  when  silica  and  calcium 
fluoride  are  treated  with  concentrated  sulfuric  acid  and  the  products 
are  passed  into  water. 

3.  How  many  grams  of  sodium  carbonate  must  be  used  to 
convert  10  grams  of  pure  quartz  to  sodium  metasilicate?  Why  is 
it  desirable  to  use  an  excess? 

4.  If  sodium  silicate  in  aqueous  solution  is  treated  with  am- 
monium hydroxide  silicic  acid  is  formed.  Write  the  equation  for 
the  reaction  and  explain. 

5.  When  boron  nitride  reacts  with  steam,  boric  add  and  am- 
monia are  formed.     Write  the  equation. 

6.  Write  equations  showing  the  preparation  of  triethylborate 
(CsH6)3B03  when  borax,  alcohol,  and  sulfuric  acid  are  mixed. 

7.  Compare  the  behavior  of  boric  anhydride,  silica,  and  phos- 
phoric anhydride  by  writing  equations  for  the  formation  of  meta- 
salts  by  heating  with  cupric  oxide.  Also  with  chromic  oxide, 
CrjOj. 

8.  Write  the  structural  formula  for  trisilicic  acid  showing  its 
derivation  from  orthosilicic  acid. 

9.  Make  a  list  of  the  elements  so  far  discussed  which  show  evi- 
dence of  existing  in  allotropic  forms. 


General  CharacterUtics, — The  origin  of  the  term  "metal"  is 
uncertain.  It  seems  to  have  arisen  from  the  Greek,  ^mAAoi^  (to 
explore),  and  to  have  reference  to  the  fact  that  metak  were  secured 
by  search*  The  meaning  which  attaches  to  the  word  varies  greatly 
with  the  connection  in  which  it  is  used.  In  printing  the  word  is 
used  to  describe  the  alloys  used.  In  road  building  the  word  is  used 
to  describe  the  material  used  as  ballast.  In  glass  factories  the 
fused  materials  are  spoken  of  as  metals.  In  chemistry  the  use 
of  the  term  has  varied  greatly  as  the  viewpoint  of  the  students  of 
the  subject  has  changed.  At  present  it  is  used  as  a  general  term 
to  describe  a  group  of  elements.  For  convenience  in  discussion 
it  has  long  been  customary  to  divide  the  elements  into  two  groups, 
the  metals  and  the  non-metals.  This  division  is  purely  mental  and 
sharp  lines  of  demarcation  cannot  be  drawn.  This  inherent  diffi- 
culty of  classification  is  so  marked  in  the  present  case  that  we 
sometimes  attempt  more  definite  separation  of  the  groups  by 
creating  an  intermediate  one^  the  metalloids^  which  possess  prop- 
erties common  to  both  groups.  It  is  doubtful  if  any  great  ad- 
vantage is  so  gained.  In  general  we  regard  as  non-metals  those 
elements  which  form  acidic  oxides,  do  not  react  with  mineral  acids 
to  liberate  hydrogen,  and  form  volatile  acids  with  hydrogen.  We 
also  expect  their  halogen  compounds  to  hydrolyze  readily.  From 
the  standpoint  of  physical  properties  we  expect  them  to  be  gaseous, 
or  readily  volatile,  not  usually  opaque,  to  have  low  specific  gravi- 
ties, to  be  bad  conductors  of  heat  and  electricity,  and  to  be  neither 
malleable  nor  ductile.  By  contrast  with  these,  which  include  the 
elements  so  far  discussed,  we  find  many  elements  which  form 
basic  oxides,  which  react  with  mineral  acids  to  form  salts  with 
evolution  of  hydrogen,  which  either  do  not  unite  with  hydrogen 
at  all  or  with  it  form  unstable  compounds.  The  halogen  com- 
pounds of  these  elements  are  not  readily  or  extensively  hydrolyzed. 
In  physical  properties  we  likewise  encounter  contrast.     In  general 
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e  metals  are  solid,  opaque,  have  high  specific  gravities,  are  good 
conductors  of  heat  aod  electricity  and  are  both  malleable  and 
ductile,  ^ 

It  is  obvious  to  any  one  with  even  a  slight  acquaintance  with 
the  elements  that  few,  if  any,  of  them  possess  all  the  characteristics 
of  either  group.  Thus  carbon  and  silieon  are  non-volatile  and  the 
hydrogen  compounds  are  not  acid.  Similarly  the  metal  mercury 
is  liquid  and  caesium  and  several  others  are  readily  liquefied. 
Lithium,  sodium,  potassium  and  aluminium  are  not  of  high  spe- 
cific gravity.  In  spite  of  these  difficulties  the  distinction  between 
the  two  types  is  useful  though  we  do  not  expect  nature  to  adapt 
itself  to  our  specifications. 

Of  the  sixty  to  sixty-five  elements  usually  grouped  under  the 
head  *'  metals  *'  about  ten  are  classed  as  "  common  "  because  they 
or  their  compounds  are  of  widespread  occurrence  in  nature,  and 
about  fifteen  more  are  regarded  as  common,  because  they  find 
extensive  direct  or  indirect  application  in  the  arts.  By  contrast 
with  these  the  remainder  are  known  as  rare  elements.  Here 
again  we  encounter  great  difficulty  in  establishing  an  artificial 
boundary*  Changing  times  and  new  discoveries  of  applications 
sometimes  make  a  previously  rare  substance  familiar.  Thus  cerium 
and  tungsten,  usually  classed  as  rare  elements  are  by  their  use  in 
the  Welsbach  burner  (q.v.)  and  the  electric  light  {vide  tungsten) 
used  in  literally  millions  of  homes,  while  the  more  common  ti- 
tanium is  little  more  than  a  curiosity.  We  usually  list  as  common 
metals  the  following:  Iron,  aluminium,  copper,  lead,  tin,  mercury^ 
Binc»  calcium,  magnesium,  sodium,  potassium,  barium,  strontium, 
chromium,  manganese,  cobalt,  nickel,  cadmium,  bismuth,  and 
silver.  We  include  also  the  **  metalloids/'  arsenic  and  antimony, 
but  exclude  the  fairly  common  titanium  and  lithium*  In  subse- 
quent discussions  we  shall  to  some  degree  indicate  the  relative 
importance  of  the  elements  by  fullness  of  description. 


Occurrence.  —  Very  few  of  the  metals  occur  free  in  nature. 
When  they  do  they  are  said  to  be  "native."  Native  metals  are 
usually  more  or  less  finely  divided  and  distributed  through  a  ma- 
trix of  rock  or  in  alluvial  formations  produced  by  decomposition 
of  rocks.  The  metals  which  so  occur  are  copper,  mercury,  gold, 
silver,  platinum,  and  rarely,  iron. 

When  compounds  of  metals  suitable,  or  presumably  suitable,  for 
commercial  preparation  of  the  metals  are  found  in  nature  they  are 


I 
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(The  term  is  sometimes  extended  to  hard  matrices 
containing  the  native  metals.)  Wben  natural  compounds  of  the 
metals  not  used  as  ores  occur  they  are  spoken  of  as  **  mineral  fonns," 
The  subsequent  discussion  will  take  up  the  ores  and  chief 
mineral  forms  of  each  metal  and  it  is  only  necessary  here  to  caU 
attention  to  the  fact  that  the  chief  ores  are  the  oxides,  hydroxides^ 
Bul£des  and  carbonates  of  the  m^als.  The  most  abundant  mineral 
forms  are  the  silicates. 

Preparation*  — The  various  modes  of  winning  the  metals,  not 
only  from  their  ores,  but  the  isolation  of  them  from  mixtures,  and 
the  conversion  of  the  metal  into  useful  forms  is  known  as  "metal* 
lurgy  '*  and  is  so  large  a  subject  that  it  is  usually  made  a  separate 
topic  of  study.  In  subsequent  pages  the  methods  employed  for  the 
preparation  of  individual  metals  will  be  given  in  some  detail*  It 
is  the  purpose  here  to  give  the  general  character  of  the  problem  and 
the  types  of  methods  used.  In  general  the  method  employed 
varies  so  much  with  the  character  of  the  metal  sought  and  the  ore 
used  that  for  each  ore  the  problem  is  individual*  Usually,  also, 
the  metal  is  not  only  to  be  separated  from  its  compound  but  also 
from  admixed  material  known  as  **  gangue*"  It  is  also  usually 
necessary  in  order  to  obtain  the  metal  in  large  quantities  and  in  a 
state  approaching  purity,  to  prepare  it  at  a  temperature  above  the 
melting  point,  so  that  it  may  be  removed  from  the  furnace  in  liquid 
form*  To  secure  these  ends  the  ore,  with  its  gangue^  is  mixed  with 
a  "flux,"  which  will  form  with  the  gangiie  a  liquid  *'slag**'  and 
with  a  fuel,  which  by  combustion,  not  only  may  assist  in  reaching 
the  required  temperature,  but  also  *'  reduces  "  the  metal.  The 
^hief  methods  may  be  catalogued  as  follows: 

1.  Reduction  by  Carbon*  Many  of  the  ores  are  oxides.  In 
most  cases  the  oxides  are  reduced  when  heated  with  carbon,  either 
in  the  form  of  charcoal  or  coke.  The  carbon  being  converted  ac- 
cording to  circumstances  into  the  monoxide  or  dioxide  escapes  and, 
if  with  the  charge  suitable  fluxes  are  used  and  a  sufficiently  high 
temperature  employed,  both  the  metal  and  impurities  are  re- 
moved in  liquid  form<  This  method  is  known  as  "  smelting  ** 
and  is  employed  on  a  vast  scale  in  the  preparation  of  metals,  par-  , 
ticularly  iron  and  copper.  M 

In  many  cases  ores,  not  oxides,  may,  by  heating  in  the  air,  be  ™ 
converted  into  oxides.     The  process  is  usually  called  **  roasting/* 
and  the  roasted  ore  is  then  smelted  with  carbon. 
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2*   Reduction  by  Metals.    In  many  cases  oitides 
profitably  reduced  by  means  of  carbon  and  in  some 

In  still  other  cases  the  metal  

unites,  after  reduction,  with 
carbon  and  hence  a  pure  prod- 
uct cannot  be  obtained.  In 
8uch  cases  it  is  possible  to  use 
a  cheaper  metal  to  reduce  the 
oxide  of  a  more  expensive  one. 
The  metal  usually  so  employed 
is  aluminium  and  theprocess  is 
called  the  Goldschmidt  method, 
from  its  inventor  (Fig.  90). 
Other  metals  may  also  be  em- 
ployed. The  follomng  equa- 
tions will  illustrate  the  process: 

Cr,03  +  2AI  -♦  AljOa  +  2Cr. 
AltOz  +  6Na  ^  2A1  +  3Na,0. 


cannot  be 
not  at  all. 


S? 


3.  Reductioii  of  Sulfides  hy 
Metal.     Just  as  oxygen  may 


Flo.  90, 


be  removed  by  almniniura  from  an  oxide,  so  sulfur  may  be  removed 
^from  a  sulfide  by  fusion  with  a  metal,  e.g.j 

H  SbaS,  +  3Fe  -^  3FeS  +  2Sb. 

^m  4.  Reductioii  Using  Electric  Heat.  In  the  preceding  methods 
the  reducing  agent  employed  not  only  effects  the  reduction  but  also 
its  combustion  furnishes  the  needed  temperature.  If,  however, 
an  electrically  heated  furnace  is  employed,  not  only  may  the  de- 
sired temperature  be  readily  reached,  but  the  amount  of  reducing 
agent  used  may  be  more  accurately  regulated.  This  is  frequently 
80  desirable  that  electrically  heated  furnaces  are  being  used  in 
metallurgy  with  increasing  frequency. 

5.  Electrolytic  Reduction.  When  ores  can  be  brought  into 
solution  it  is  possible,  provided  the  solutions  are  electrolytes,  to 
decompose  them  by  electrolysis  and  this  method  is  of  rapidly-grow- 
ing importance.  Only  in  a  comparatively  few  cases  can  aqueous 
solutions  be  employed,  but  it  is  possible  to  obtain  electrolytes  by 
melting  either  the  ore  itself,  or  the  ore  with  a  suitable  flux,  which 
may  be  then  electrolyzed.  (Vide  aluminium.)  This  method, 
le  deposition  of  metals  by  electrolysis,  is  employed  not  only  to 
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prepare  metals  from  their  ores,  but  also  to  purify  the  en]d0tfi| 
obtained  by  one  of  the  above  methods*      (  Vide  copper*) 

6.  Displacement  Methods*  In  certain  eases  it  is  desinUeil 
prepare  soluble  salts  of  metals  and  then  precipitate  the  OMiiiM 
using  another  less  costly  metal  which  is  higher  in  the  electitotfiiil 
series.  This  method  is  employed  especially  in  the  metallurp'] 
silver  and  gold  (q.v.) 

Physictd  PropertieB.  —  Ceilain  of  the  pix>pert]es  of  the  iwttfc  | 
Imve  been  indicated  in  the  preceding  paragrapha.  When  theiS* 
tempt  is  made  to  catalogue  the  properties  of  the  metak  the  ii*  I 
culty  is  encountered  timt  in  many  cases  these  vary  somewto 
according  it>  the  method  of  manufacture  or  subsequent  tre^tmerX 
When  numerical  values  are  given  they  should  not  be  underrtooi 
as  rigidly  correct.  In  general,  metals  have,  when  in  compift 
masses,  a  luster  wliich  is  hence  called  metallic.  Usually  who 
powdered,  this  luster  disappears,  and  the  metals  are  all  black  ittd 
lusterless.  Powdered  magnesium  and  aluminium  are  exceptiofli 
Usually  also  metals  are  silver  white,  but  copper  and  gold  are  ex- 
ceptions. Metals  can  aU  be  obtained  in  crystalline  fornif  but  m 
usually  encountered  in  maasive  form,  because  in  cooling  the  proc- 
ess is  rapidly  carried  on  and  the  crystallization  is  not  distiaet 
Tin  and  zinc,  however,  are  often  distinctly  crystallixie.  The  crys- 
talline form  is  ordinarily  cubicaL 

The  specific  gravity  of  metals  ranges  from  that  of  lithium, 
0.53>  to  osmium.  22.5.  A  table  of  specific  gravities  of  the  dementi 
is  found  in  the  appendix-  Very  frequently  the  term  '*  he^ry 
metais  "  is  used  to  include  those  with  a  specific  gravity  greater 
than  five,  and  **  Hght  metals/'  those  of  a  lesser  specific  weigjii 
The  heavy  metals  are  in  general  less  chemically  active  than  thosa  < 
of  low  specific  gravity.  In  general,  metals  are  malleable,  but  thcwt 
which  are  sometimes  called  metalloids  are  brittle.  The  mallet- 
biUty  is  very  greatly  modified  by  small  amounts  of  impurities  and 
also  by  the  temperature.  Most  metals  are  brittle  at  suflSciently 
low  temperature.  Copper  offers  a  remarkable  exception,  being 
still  flexible,  and  presumably  malleable,  at  the  temperature  of 
hquid  air. 

The  relative  tenacity,  or  tensile  strength,  of  metals  is  not  the 
same  as  their  relative  malleabiUty  and  varies  not  only  with  the  dif- 
ferent metals  but  with  the  heat  treatment  of  each,  and  also  with 
the  presence  of  small  quantities  of  impurities.    It  is  measured  io 


{terms  of  the  number  of  pounds  per  equare  inch,  or  kilograms  per 

|8quare  millimeter,  a  piece  of  the  inetal  can  sustain  without  breaking. 

The  hardness  of  metals  is  measured  by  comparison  with  an 

arbitrary  scale  and  refers  to  the  relative  ease  with  which  they  may 

^  be  cut  by  a  sharp  instrument.     The  metals  vary  in  hardness  from 

■  caesium,  which  is  softer  than  talc,  to  chromium,  which  is  nearly  as 

\      hard  as  corundum.     The  hardness  of  metals  is  very  materially  in- 

L      fluenced  by  small  quantities  of  foreign  materials. 

H       The  meltiiig  point  of  metals  is  a  very  important  property 

^and  varies  from  —38.7°  for  mercury,  to  about  3000*^  for  tungsten. 

A  table  of  melting  points  appears  in  the  appendix*     The  influence 

of  dissolved  substances  on  the  melting  point  of  metals  is  very 

marked,  so  that  small  amounts  of  impurities  alter  the  melting 

points  of  metals  enormously. 

The  boiling  point  of  metals  is  relatively  high,  i.e.,  the  range  of 
temperature  within  which  they  are  liquid  is  large.  Thus,  mercury 
melts  at  —38.7°  and  boils  at  357°,  while  sodium  melts  at  97**  and 
boils  at  877*.  Yet  in  several  cases  the  volatility  of  metals  is 
utilized  in  their  metallurgy,  notably  in  the  cases  of  zinc  and  cad- 
mium. 

The  conductivity  of  metals  for  heat  and  electricity  distinguishes 
them  fairly  sharply  from  non-metals»  since  in  general  non-metals 
are  very  poor  conductors.  The  metals  vary  in  this  respect  widely 
among  themselves  and  also  vary  with  the  temperature.  In  con- 
trast with  the  non-metals,  however,  their  electrical  conductivity 
increases  with  lowered  temperature  {cf.  boron).  The  unit  of 
electrical  conductivity  is  the  reciprocal  ohm  or  mho,  which  is 
the  conductivity  of  a  column  of  mercury  at  0°,  106.3  cm.  in  length 
and  1  sq.  mm.  cross  section.  A  table  of  relative  conductivities 
appears  in  the  appendix. 

When  metals  are  in  the  liquid  state,  i.e.,  molten,  they  act  as 
solvents  for  many  non-volatile  substances  and  in  most  instances 
for  gases  also.  The  solution  of  gases  has  been  discussed  {tide 
occlusion).  When  non -volatile  substances  dissolve  in  liqidd 
metals,  compounds  are  formed  in  some  instances,  e.g.,  carbides, 
and  in  other  instances  the  properties  of  the  resulting  substances 
are  more  readily  classified  as  solutions.  When  the  dissolved 
material  is  another  metal,  the  solution  is  called  an  alloy.  A 
table  of  the  composition  and  names  of  the  commoner  alloys  is 
also  found  in  the  appendix.  The  same  general  relation  obtains 
between   liquid   metals  as  between  other  liquids,  i.e.,  some  are 
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miscible  in  all  proportions.  Some  are  miscible  within  limits 
and  others  are  practically  immiscible.  One  type  of  alloy  is  c^ 
pecially  readily  formed  by  the  lighter  metals,  that  with  mercur>% 
and  these  alloys,  as  well  as  those  of  mercury,  with  the  heavy 
metals,  are  known  as  amalgams.  The  discussion  of  the  question 
as  to  whether  alloys  are  chemical  combinations  or  not  is  as  futile 
as  is  the  same  question  with  regard  to  other  solutions*  Un- 
doubtedly in  certain  eases  definite  chemical  combinations  are 
produced.  _ 

Chemical  Properties,  —  It  is  difficult  to  classify  the  chemica! 

properties  of  the  metals  in  such  a  way  that  the  statements  will 
apply  to  all.  In  general ^  we  may  say  that  the  following  may 
be  considered  as  typical  of  the  class. 

L  Ionic  Relations.  The  compounds  of  the  metals^  if  soluble, 
arc  ionized  to  some  degree  and  the  cathion  is  usually  the  metallic 
factor* 

2.  Basic  Oxides.  The  oxides  may  be  either  soluble  in  water 
or  insoluble,  but  if  soluble  the  solutions  are  bases,  and  conse- 
quently may  react  with  acids  to  form  salts.  The  insoluble  oxides 
likewise  react  with  acids  to  form  salts  in  which  the  metal  forms 
the  positive  ion. 

3.  Halide  Compounds.  The  halogen  compounds  of  the  metals 
are  not  notably  hydrolj^zed  by  water,  but  are  ionized*  This 
property  is  utilized  to  distinguish  metals  from  non-metals.  It 
is  to  be  noted  that  continuity  is  to  be  observed  here,  as  elsewhere, 
and  the  more  nearly  the  elements  approach  acid  character  the 
more  markedly  are  they  hydrolyzed.  In  some  instances  elements  m 
typically  metallic  in  physical  properties  are  almost  typically  acid 
in  this  respect,  Thus^  magnesium  chloride,  ferric  chloride,  alu- 
minium chloride,  etc.,  are  partially  hydrolyzed,  e.g., 

MgCls  +  2HtO  ^  Mg(0H)3  +  2HC1, 
and  SbCU  +  2H,0  ^  Sb(OH)aCl  +  2HCL 

Even  in  these  latter  cases  the  reactions  are  readily  reversible, 
which  is  not  the  case  with  non-metals, 

4.  Acidic  Oxides.  The  oxides  and  hydroxides  of  metals  are 
as  a  rule  basic,  but  certain  of  them  are  markedly  amphoteric 
in  character  (c/.  pp.  183  and  477).  It  is  also  true  that  where  the 
elements  have  varying  valence  the  oxides  and  hydroxides  of 
higher  valency  are  more  acidic  in  character.    This  variation  is 
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specially  marked  with  manganese,  where  the  simplest  oxide, 
MnO,  is  strictly  basic,  while  the  heptoxide,  MhsOj,  is  the  anhydride 
of  the  strongest  of  all  the  acids. 

5.  Double  and  Complex  Salts*  Certain  metals  form  salts 
capable  of  combination  with  certain  other  salts  to  form  double 
or  complex  salts*  These  salts  apparently  ionize  in  such  a  way 
that  one  of  the  metals  forms  part  of  complex  negative  ions.  Ex- 
^ftraples  are  the  double  halides  iq^v.)j  the  complex  cyanides  (g.t^.)*i 
the  alums^   etc.     These  salts   are   sometimes   divided   into   twa 

oups:  the  more  stable,  such  as  KaFeCCN)^,  showing  Httle  or 
no  reversibility  in  aqueous  solution,  and  known  as  complex  salts, 
and  those  in  which  solution  appears  to  effect  nearly  complete 
dissociation,  known  as  double  salts,  an  example  of  the  latter  being 
ordinary  alum  (q.iK). 

6.  Complex  Cathioas.  Certain  metals  form  parts  of  complex 
cathions.  An  example  of  this  is  furnished  by  silver  salts  with  am- 
monia, where  the  positive  ion  is  AgCNHa)^ 

7.  The  Electromotive  Series,  When  a  metal  is  placed  in  water 
an  electrical  charge  is  developed  upon  that  portion  which  does  not 
go  into  solution.  According  to  Nernst  this  is  due  to  a  tendency  of 
the  metal  to  go  into  solution  as  an  ion.  For  example  Zn  ^  Zn**''. 
In  some  cases  this  tendency  is  so  strong  that  hydrogen  ions  from 
water  are  discharged  and  the  process 
of  solution  continues  to  exhaustion  of 
either  metal  or  water,  e.g., 

Na  +  H*^  +  OH'  i=t  Na**  +  OH'  +  H. 

IT  U 

HjO  NaOH 

In  other  cases  the  reaction  reaches 

equilibrium  before  any  hydrogen  is 
evolved,  for  example,  a  stick  of  zinc 
in  water.  In  such  a  case  a  negative 
charge  is  developed  on  the  zinc  stick. 
The  intensity  of  the  charge  may  be 

measured  by  making  ao  electric  couple  out  of  the  2inc  stick  and  an 
electrode  of  known  potential.  See  Fig.  91.  In  case  the  metal  is 
placed  in  a  solution  of  its  own  salt  it  is  evident  from  the  law  of 
chemical  equilibrium  that  the  presence  of  the  met^d  ions  already  in 
solution  would  lessen  the  tendency  of  the  metal  to  ionize  and  in 
rtain  eases  this  precipitation  tendency  may  be  in  excess  of  the 
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solution  tendency,  and  ions  may  deposit  upon  the  metal,  in  which 
case  the  metal  would  be  positively  charged.  h 

If  now  the  metals  are  compared  with  respect  to  the  character^ 
and  intensity  of  electrical  charge  assumed  by  them  when  in  con- 
tact with  a  solution  oormal  with  respect  to  their  ions  they  are 
found  to  arrange  themselves  in  the  order  given  {see  table  of  the 
Electromotive  Series),  and  this  series  is  known  as  the  electromotive 
Beries  (and  is  extended  to  include  also  the  non-metals). 


£le€trochenucal  Scries  (Electromotive  Series) 


Mmau  — 
Caeflium 

Manganese 

Aroenio 

Rubidium 

Zinc 

Copper 

Potaasium 

CAHmiiim 

Mercury 

Sodium 

Iron 

Silver 

Lithium 

Cobalt 

Palladium 

Barium 

Nickel 

Platinum 

Strontium 

Tin 

Gold 

Calcium 

Lead 

Iridium 

Magnesmm 

Hydrogen 

Rhodium 

Alummium 

Antimony 

Osmium 

Chromium 

Bismuth 

Nofi-MetaU  — 

Silicon 

Selenium 

Bromine 

Carbon 

Phoaphoma 

Chlorine 

Boron 

Sulfur 

Oxygen 

Nitro^a 

Iodine 

Fluorine 

Four  important  consequences  follow  from  the  above  statement 
of  fact  and  hypothesis. 

(a)  Displacement  Series.  If  a  metal  of  a  certain  solutioii 
tension  be  placed  in  a  solution  of  the  salt  of  a  metal  of  lesser  solu- 
tion tension  then  the  latter  metal  should  precipitate  and  its  place 
in  solution  be  taken  by  the  more  **  active  "  metaL  We  find*  in 
fact,  that  any  metal  in  the  series  wilt  displace  the  metals  whidi 
follow  it  from  solutions  of  their  »alt8  at  a  rate  which  increaaea  tlia 
farther  apart  they  are  in  the  series.     Thus 
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iydrogen  from  water  and  the  acids  by  those  metals  which  pre- 
cede hydrogen*  in  the  series.     (See  pp.  54,  55.) 

(6)  Voltaic  Cells.  If  any  two  meinbers  of  the  electromotive 
series  are  brought  in  contact  with  an  electrolyte  and  connected  ex- 
ternally by  a  conductor  of  the  first  class  we  have  what  is  known  as 
a  voltaic  cell,  the  electromotive  force  of  which  should  be,  according 
to  the  considerations  above  stated,  the  difference  of  the  single 
potentials  of  the  electrodes  and  a  current  should  flow  so  long  as 
these  potentials  can  be  maintained.  Thus,  for  example,  the  elec- 
trode potential  of  zinc,  in  terms  of  hydrogen  as  zero,  is  —0.493 
volt,  when  zinc  is  immersed  in  a  normal  solution  of  zinc  sulfate. 
The  potential  of  copper  in  copper  sulfate  is  +0.606  volt.  A  cell 
made  up  of  copper  in  copper  sulfate  and  zinc  in  zinc  sulfate  should 
have  an  electromotive  force  of  0.606  -  ( -  0.493)  =  1 .099  volts.  This 
is  the  Daniel!  cell  and  the  direction  of  the  current  is  ordinarily  in- 
dicated as  illustrated  in  Fig.  92* 
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In  a  similar  manner  all  the  pairs  may,  with  suitable  arrange- 
ment, produce  cells  the  electromotive  force  of  which  is  the  sum  of 
the  single  potentials.  A  table  of  these  potentials  is  found  in 
Chapter  XXVIII. 

(c)  Concentration  Cells.  If  we  consider  electrode  potentials  as 
due  to  the  equilibrium  between  the  tendency  of  the  ions  in  solution 
to  precipitate  and  of  the  electrode  to  ionize  it  follows  that  the  more 
concentrated  the  solution  of  metallic  ions  in  which  the  same  metal 


•  It  is  to  be  noted  that  while  hydroRen  in  the  periodic  system  Is  an  "Ishmael/" 
tn  thia  relation  it  finds  a  real  place.  In  the  Don-metal  serict)  it  m  to  be  noted  that 
Uioee  elementa  highest  to  the  series  are  in  general  most  readily  diflplaised.  (See 
aiao  the  halogen  family,  Chap.  X.) 
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is  used  as  an  electrode  the  smaller  should  be  the  electrode  potentiSI 
This  is  apparently  the  case  and  advantage  can  be  taken  of  it  to 
produce  what  arc  called  coaceotration  cells.  Thus,  if  zinc  is  placed 
in  a  solution  of  ssinc  sulfate  of  normal  concentration,  its  E.  M.  F, 
is  0.493,  while  in  a  tenth  normal  solution  its  E.  M,  F.  is  0.55U  If 
now  a  cell  is  made  up  of  these  two  factors  connected  as  in  Fig.  93  a 
current  of  0.551—0.493  =  0.058  volt  will  be  produced  and  will 
continue  to  flow  until  by  deposition  of  zinc  from  the  stronger  solu* 
tion  and  solution  of  zinc  from  the  electrode  in  the  more  dilute 
solution  the  two  solutions  become  of  equal  concentration,  when, 
since  0.493—0.493  —  0,  no  more  current  flows.  A  curious  example 
of  this  relation  may  be  demonstrated  by  partially  immersing  a  _ 
stick  of  tin  in  a  concentrated  solution  of  tin  chloride  and  superim-  ■ 
posing  upon  the  concentrated  solution  a  very  dilute  solution  of  the 
same  salt.  The  tin  stick  thus  forms  both  electrodes  and  a  deposit 
of  tin  forms  on  the  lower  end  of  the  stick  and  solution  takes  place 
from  the  upper  portion.     See  Fig,  94. 

d.  Decomposition  Voltage.  If  we  pass  an  electric  current 
through  an  electrolyte  we  observe  the  separation  of  materials  at  M 
the  electrodes,  if  the  latter  are  insoluble,  and  the  minimum  electro-  W 
motive  force  required  to  produce  a  steady  electrolysis  is  known 
as  the  decomposition  voltage  or  discharge  potential  of  an  elec- 
trolyte. From  the  above  considerations  it  ought  to  consist  of 
two  factors,  the  potential  required  to  overcome  the  ionization 
tendency  of  the  material  of  which  the  cathion  is  composed  and 
that  of  the  anion.  The  decomposition  potential  of  certain  elec- 
trolytes is  indicated  in  the  table,  p.  504,  Chapter  XXVIII,  and  also 
a  table  of  the  discharge  potentials  of  certain  ions.  A  study  of 
these  tables  will  reveal  the  fact  that  if  we  pass  a  current  through 
a  mixture  of  salts  of  the  metals  we  should  be  able  to  secure,  by 
proper  regulation  of  the  voltage,  potentials  at  which  one  alone 
of  the  metals  will  be  deposited.  For  example,  if  lead  nitrate 
and  silver  nitrate  be  electrolyzed  at  a  potential  of  more  than 
0,70  volt,  and  less  than  1.52  volts,  silver  only  will  be  deposited. 
This  means  of  separation  of  the  metals  is  known  as  electro-axialysis 
and  is  used  extensively,  particularly  in  the  separation  of  copper 
in  pure  form  (see  metallurgy  of  copper), 

8.  Valence  Relations,  The  maximum  valence  of  a  metal  is 
in  general  the  same  as  the  number  of  the  group  of  the  periodic 
system  to  which  it  belongs,  and  hence  with  the  different  metals 
we  have  a  variation  of  from  one  to  eight.     An  exception  to  tUi*; 
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statement  is  found  with  copper  and  gold,  which,  while  belonging 
to  the  first  group,  show  a  maximum  valency  of  two  and  three 
respectively.  In  the  second  group  we  have  no  variation  from 
bivalency  except  with  mercury,  which  is  univalent  in  certain 
compounds  as  well  as  bivalent  in  others.  With  the  metals  of 
the  other  groups  we  find  varying  valency  to  a  greater  extent. 
As  a  rule  the  commoner  compounds  of  the  metals  of  the  third 
group  are  those  in  which  the  element  is  trivalent.  In  the  fourth 
group  the  metals  of  larger  atomie  weight  are  usually*  bivalent 
instead  of  tetravalent,  The  metals  or  metal-like  elements  of  the 
fifth,  sixth,  seventh  and  eighth  groups  show  in  different  compounda 
variations  of  valence  varying  from  one  to  the  maximum  for  iim\ 
group*  The  more  usual  valencies  are  3  and  5  for  the  5th  group,  2, 
4,  and  6  for  the  sixth,  1,  3,  5,  7,  for  the  seventh  and  2,  4,  6,  8,  for^ 
the  eighth  (see  Theory  of  Valence,  p*  627). 


Uses  of  the  Metals* — The  metals  are  used  to  such  an  extent 
and  in  such  variety  as  to  make  a  classification  difficult,  but  the 
following  types  of  application  may  be  distinguished. 

1-  As  Structural  Material*  —  This  term  is  usually  used  only 
when  large  structures  such  as  buildings  are  considered,  but  may  be 
extended  to  cover  all  sorts  of  mechanical  devices.  The  metals 
most  used  in  this  manner  are  iron,  in  its  various  modifications, 
and  copper,  though  many  other  metals  are  also  used  for  special 
purposes.  This  use  of  these  metals  is  too  familiar  to  need  detailed 
discussion. 

2.  As  Alloy  Components.  —  As  already  mentioned,  alloys  find 
many  and  important  applications,  and  many  metals  are  employed 
as  components.  Those  most  frequently  so  employed  are  copper, 
iinc,  lead,  tin,  silver,  gold,  bismuth,  and  antimony  (see  Appendix). 

3.  As  Conductors-  —  In  modern  times  electricity  plays  so 
important  a  part  in  our  activities  that  huge  quantities  of  metals 
are  employed  in  its  conveyance,  control  and  uses.  Of  the  metals 
00  employed  copper  is  by  far  the  most  important,  but  aluminium, 
silver,  tun^ten,  and  manganese  also  find  very  important  appli- 
cations. 

4.  As  Protective  Coverings  for  Other  Metals.  —  Various  other 
ds  are  used  in  this  connection,  but  the  most  extensively  em- 

jyed  are  rinc  and  tin.     These  are  ordinarily  employed  to  protect^ 
iron  and  the  combination  of  iron   coated  with  tin  is  known 
**  tinplate  *'  while  iron  coated  with  zinc  is  known  as  "  galvanized 
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iron/'  In  lesser  amounts  "  plated  **  materials  are  made,  udn^ 
nickel,  copper,  gold  or  silver  as  the  surface  metal.  In  most  easel 
where  the  latter  metalg  are  used  the  protective  value  of  the  ex- 
ternal metal  is  less  important  than  the  improved  appearance 
so  secured.  Mellor  rather  picturesquely  describes  this  function 
of  metals  as  "  sacrificial  "  where  the  purpose  of  one  is  to  protect 
the  other  from  corrosion. 

5.  As  Fuels  or  as  Reducing  Agents.  —  Not  infrequently  metals 
are  used  as  means  of  preparation  of  more  valuable  metals,  from 
their  ores.  In  this  connection  they  may  serve,  not  only  as  a  reduc- 
ing agent,  but  sometimes  as  well  to  furnish  the  needed  temper- 
ature to  convert,  the  metal  produced  to  liquid  form.  In  some 
instances  the  convenience  of  utilization  overweighs  comparative 
costs.  An  example  is  furnished  by  the  use  of  aluminium  in  in- 
cendiaiy  bombs,  as  used  in  Zeppelin  warfare,  where  molten  iron 
is  prepared  at  the  cost  of  oxidized  aluminium, 

6.  As  Components  of  Salts.  —  Most  extensive  of  all  usee  of  the 
metals  is  that  where  they  form  portions  of  useful  compounds.  In 
many  cases  these  compounds  are  found  ready  formed  in  nature  and 
are  utilized  either  with  or  without  modification,  but  in  many 
the  metals  are  prepared  from  natural  compounds  and  subsequi 
converted  into  more  valuable  compounds.  Examples  are  furnii 
by  the  conversion  of  lead  to  the  carbonate  or  acetate,  sodium  to 
sodium  acetate,  etc.  i 


Compounds  of  the  Metah.  —  The  compounds  of  the  metals, 
vast  in  number  and  importance,  can  be  considered,  with  some  ex- 
ceptions, under  the  heads  of  oxides,  basic  and  acid,  hydroxides,  and 

salts.  The  discussion  of  these  forms  an  important  portion  of  the 
following  chapters.  The  exceptional  compounds  such  as  hydrides, 
carbides,  silicides,  etc,  will  be  discussed  when  their  more  important 
representatives  are  encountered »  (See  potassium  hydride,  cal- 
cium carbide,  iron  silicide,  etc.)  Some  general  relations  should 
be  here  pointed  out.  ■ 


Oxides,^- In  general,  oxides  of  metals  are  prepared  by  direct 
combination    with    oxygen    or    by   decomposition    of   hydroxides^— 
nitrates  or  carbonates.     The  stability  of  these  oxides  is,  in  generalfl 
in  inverse  order  to  the  position  of  the  metals  in  the  electromotive 
series,  and  the  oxides  of  those  in  the  lower  portion  of  the  table  are 
unstable  at  room  temperature^  though  absolute  regularity  in  this 
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spect  is  not  observed.  The  oxides  are  usually  insoluble  in  water 
^ut  those  of  the  elements  highest  in  the  electromotive  series  react 
ith  water  to  form  soluble  bases.  The  most  strongly  basic  oxidea 
i  those  of  univalent  metals  and  this  basicity  is  less,  not  alone  with 
increasing  valency  of  the  different  metals^  but  also  decreases  with 
increase  of  valency  of  a  given  metal,  so  that  many  oxides  are  am- 
photeric or  even  acidic. 

The  Hydroxides,  *—  The  hydroxides  are  not  only  made  by  re- 
action of  the  metals  or  oxides  with  water,  which  occurs  only  with 
the  metals  highest  in  the  series,  but  more  frequently  by  double 
decomposition  of  the  salts  by  bases,  e,g.^  CuSO«  +  2NaOH  — ♦ 
Cu(0H)2  +  NaaSO*,  or  by  hydrolysis  of  salts  as  Ali(COa)  +  6H,0 
-t2Al(OH),  +  3HiCOa.  All  the  hydroxides  except  those  of  the 
alkali  metals  (g.r.)  are  decomposed  at  or  below  red  heat  forming 
water  and  the  oxide,  or  water,  oxygen  and  the  metaL  In  many 
cases  the  hydroxides  are  unstable  even  at  room  temperature  {vide 
mercury,  silver,  etc.).  When  decomposition  of  hydro^ddes  by  heat 
is  effected  it  may  be  **  stepmse/*  e.g.,,  lead  hydroxide  by  de* 
composition  may  give  a;Pb(0H)2  ^  PbaOCOH), -*  PbiOiCOH)! -* 
xPbO.  This  type  of  decomposition  is  analogous  to  the  formation 
of  orthcK,  pyro-  and  meta-acids  from  the  normal  type  {cj.  p.  304). 
The  hydroxides  of  the  metals  are  of  varying  solubihty,  but  it  is  so 
slight  in  all  normal  hydroxides  of  the  metals  except  those  of  the 
alkaU  and  alkaline  earth  metals  that  they  are  considered  insoluble. 
A  table  of  solubilities  (see  p.  397)  includes  the  more  important  hy- 
droxides. 
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Salts.  —  The  general  statement  may  be  made  that  we  rriay  have 
the  salt  of  any  metal  with  any  acid  radical.  It  is  also  frequently 
possible  to  prepare  with  each  acid  radical  as  many  salts  as  the 
metal  possesses  variations  of  valency.  By  no  means  have  all 
such  ssJts  been  prepared.  There  are  also  possible  mixed  salts  of 
the  polybasic  acids.  The  existence  of  double  and  complex  salts  have 
already  been  mentioned  (see  p.  181  and  p.  389).  Acid  salts  and  basic 
salts  and  hydratea  are  also  numerous,  (See  p.  181  and  p.  8L)  The 
methods  available  for  making  salts  have  been  classified  on  p.  182. 
The  salts  may  be  classified  according  to  the  radical  present  and  the  I 
most  important  from  the  standpoint  of  utility  and  frequent  occur-  ■ 
rence  are  the  halides,  sulfides,  sulfates,  nitrates,  carbonates  and 
silicates.     Their  solubility  in  water  has  a  very  important  bearing  on 
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both  their  utilization  and  the  methods  employed  for  their  separation 
and  identification.     A  table  of  solubilities  of  certain  compounds  is 
presented  on  the  opposite  page.     The  metal  compounds  may  be 
very  roughly  divided  into  the  two  groups,  soluble  and  insolublei^ 
and  the  following  general  rules  are  useful,  ■ 

1.  All  potassium,  sodium,  caesium,  rubidium,  and  ammonium    I 
salts  are  soluble  in  water  except  the  chlorplatinates  and  acid  tar- 
trates of  potassium,  caesium,  rubidium  and  ammonium,  and  the 
silicofluorides  of  sodium  and  potassium  and  the  aluminofluondt^ 
and  pyroantimonate  of  sodium, 

2.  All  chlorides,   bromides  and  iodides  are  soluble  in  wai 
except  those  of  silver,  lead  and  mercury  (ous) . 

3.  All  chlomtes,  nitrates  and  acetates  are  soluble  in  water 
Basic  salts  are  usually  less  soluble  than  the  normal  or  acid  salts* 

4.  All  sulfates  are  soluble  in  water  except  those  of  barium, 
strontium  and  lead*    Silver  and  calcium  sulfates  are  fairly  i^otM 
soluble.  ™ 

6*  All  carbonates,  phosphates,  borates,  oxalates  and  arsenates 
are  Insoluble  in  water  except  those  of  the  alkali  metals,  but  are 
soluble  in  dilute  acids. 

6.  All  sulfides  are  insoluble  in  water  except  those  of  the  al- 
kalies. The  sulfides  of  the  metals  of  amphoteric  character  are 
frequently  bydrolyzed  by  water. 

7.  All  oxides  and  hydroxides  are  insoluble  in  water  except 
those  of  the  alkaU  and  alkaline  earth  metals.  The  oxides  of  these 
react  with  water  to  form  hydroxides.  H 

The  above  are  useful  rules^  despite  their  approximate  chajaeter^ 
and  the  fact  that  they  cover  only  a  few  types  of  salts. 

Analytical  Groups,  —  The  relative  solubility  of  salts  and  hy- 
droxides in  water  and  their  varied  behavior  with  reagents  is  the 
basis  of  the  mode  of  separation  and  identification  known  as  quali* 
tative  analysis  of  the  metals.  The  method  of  grouping  varies 
somewhat  but  the  following  is  a  representative  system*  The 
metals  ordinarily  considered  "  common  '*  are  printed  in  "  black* 
faced  '*  type,  and  the  rare  metals  in  '*  italic  '^  type* 

L  Metals  the  chlorides  of  which  may  be  precipitated  from 
solution  as  chlorides  in  slightly  acid  solution.  SUveii  lead,  mer* 
cuiy  (ous)  thallium.  Certain  other  metals  in  the  form  of  acid 
radicals,  or  anhydrides,  may  also  become  insoluble  under  such 
conditions^  viz. :  molybdenum^  iungsient  tuidalum,  and  niobium. 
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^P  *                     Solubili^  of  B&ses  and  Salts  in  Water  at  18"                              ■ 

"                   (TAkoo,  with  permL«kin,  from  "  Inorganic  Cbemiatry/*  Altomder  Smith,  p.  S44.>                         1 
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The  upper  number  in  each  square  gives  the  aoIubOity  in  grams  per  100  Co.       1 
of  water  of  the  compound  of  the  metaJ  at  the  head  of  each  column  with  the  ion       ■ 
indicated  in  the  margin.    The  lower  number  is  the  molar  solubility.                           1 
^            The  following  are  the  solubilities  (number  of  grams  io  100  cc.  water  at  18*  of 

two  additional  insoluble  subataoces  and  of  three  acid  eaJts:                                          _ 

,                Mercurous  chloride,  0.0i2                    Sodium  bicarbonate          9,^              H 
^K          (molar  Bol'ty.  O.Oa)                               Pota^ium  bicarbonate    26.1                H 
^H         Mercuric  iodide^        0.0«4                    Potaasium  bisuJphate       50.0         ^^M 
^M        (molAT  ior ty,  0 .  Ohl)                                                                             ^^H 

^ 


2.  The  sulfides  of  certain  metals  are  insoluble  in  dilute  addl 
and  hence  precipitation  of  them  by  hydrogen  sulfide  is  poeaibk. 
This  group  includes  mercury  (ic)  bismuth,  copper,  c&dmhxffl, 
arsenic,  antimony ,  tin*  palladium f  gold,  platinum ^  osmium ,  rhodium^ 
ruthenium,  iridium,  germaniumf  selenium^  and  tellurium. 

3.  The  sulfides  of  certain  metals  are  insoluble  in  neutral 
alkaline  solutions,  or  are  hydrolyzed  by  water  giving  insolub! 
hydroxides  and  are  soluble  by  dilute  acids.     In  this  group  are 
included  iron,  nickel^  cobalti  aluminium^  chromium^  manganese, 
zinc,   titaniumj   zirconium,   uranium^   indium,   gallium,    vanadium, 
beryllium,  and  the  whole  group  of  elements  known  as  rare  earths 

4.  Four  metals  which  do  not  furnish  insoluble  chlorides, 
hydroxides  or  sulfides  are  precipitated  from  neutral  or  alkaline 
solution  by  ammonium  carbonate.  These  are  barium,  strontiumt 
calcium^  and  radium. 

5*   A  few  elements  do  not  furnish  insoluble  salts  of  any  of  th«    ' 
above  types.    These  are  sodiunii  potassium,  magnesium^  lithiumtM 
rubidium,  caesium^  and  the  "  hypothetical  metal  '*  ammomam.^ 
It  will  be  noted  that  in  the  above  list  are  included  some  elements 
usually  classed  as  non-metals.     It  should  be  expected  from  the 
principle  of  continuity  that  such  cases  exist. 

The  more  detailed  study  of  these  relations  is  ordinarily  pursued 
as  a  separate  branch  of  chemistry,  qualitative  analysis.  Certain 
general  relations  of  each  of  the  above  groups  and  subdivisions 
of  them  will  find  place  in  the  following  chapters.  The  general 
classification  will,  however,  be  the  grouping  offered  by  the  periodic 
system. 


Exercise9.  —  1.  The  term^" acidic"  is  frequently  used  in  con- 
trast with  the  term  ''  basic/'  Explain  and  distinguish  between  the 
terms  **  base  '*  and  "  basic." 

2.  Classify  all  the  facts  about  metals  which  can  be  related 
to  the  electromotive  series. 

3.  Make  a  list  of  all  the  metals  employed  for  any  purpose 
in  your  home  and  arrange  them  under  the  heads,  "  common/* 
and  "  rare." 

4.  By  examination  of  the  subsequent  chapters  prepare  a  list 
of  five  metals  which  are  prepared  by  the  process  of  '*  smelting  " 
with  carbon. 

5.  Under  certain  conditions  a  metal  of  lesser  solution  tensioD 
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may  partially  displace  one  of  slightly  greater  tension.  On  the 
basis  of  the  law  of  chemical  equilibrium,  can  you  detail  the  con- 
ditions and  explain  why  it  should  be  possible? 

6.  I3smg  a  sheet  of  coordinate  paper  plot  on  the  horizontal 
axis  the  atomic  weights  of  the  elements  and  on  the  perpendicular 
axis  the  specific  gravities.  (The  values  will  make  a  more  satis- 
factory curve  if  the  atomic  weights  are  divided  by  10  and  1  mm. 
on  the  paper  is  then  used  for  each  unit.)  Connect  the  points 
located  by  a  curve  and  note  its  character.  What  relations  are 
brought  out  by  this  curve? 

7.  Define  the  terms,  light  metals,  heavy  metals,  alkali  metals, 
noble  metals,  base  metals,  non-metalSi  metals,  metalloids.  Why 
is  the  division  of  the  elements  into  metals  and  non-metals  not 
a  wholly  satisfactory  classification? 

8.  Review  the  chemical  behavior  of  antimony  and  its  com- 
pounds and  itemize  its  metallic  and  its  non-metallic  characteristics. 
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CHAPTER  XXIII 
GROUP  I  — SUB-GROUP  A 


CeneraL  —  The  metals  of  group  I,  like  the  elementa  of  every 
group,  are  divided  into  two  sub-groups.     Were  the  periodic  eystein 
perfectly  satisfactory  as  a  means  of  elassificatiou  we  would  e: 
from  comparison  with  other  groups  that  sub-group  A   would  con*' 
eist  of  lithium,  potassium,  rubidium  and  caesium,  while  sub-group 
B  would  be  represented  by  sodium,  copper,  silver^  and  gold 
18  recognized,  however,  that  sodium  is  chemically  and  ph^^cally 
closely  related  to  potassium  that  this  subdivision  is  not  advaat^' 
geoue.     We  shall  therefore  include  sodium  with  sub-group  *4,  and 
also  discuss  in  the  same  connection  the  remarkable  radical,  am- 
monium, which  is  chemically  closely  related  with  these  metals. 

The  metals  of  the  sub-group  are  very  similar  in  their  physical— 
and  chemical  characteristics  and  are  called  the  "  alkali  family/ V 
The  term  *'  alkali  "  is  derived  from  the  Arabic  and  originally  referred 
to  the  ashes  of  saltwort.     These  consist  largely  of  sodium  carbon* 
ate  and  the  term  came  to  be  used  to  describe  those  substances 
which  had  analogous  properties.    The  term  alkali  has  had  varying 
UBBB   in   chemistry.     Thus,   the  earlier  chemists  used   the  term 
'* fixed  alkali"  for  both  sodium  and  potassium  carbonates^  and 
'^volatile  alkali"    for  ammonium  carbonate.     In  general,  potash,    ^ 
or  pota^ium  carbonate,  is  found  in  the  ashes  of  plants  and  it  iM 
therefore  sometimes  called  **  vegetable  alkali  ''  in  contrast  with' 
'*  mineral  alkali,"  or  sodium  carbonate.     In  1755,  Black  demon- 
strated the  difference  between  the  carbonates  and  oxides  of  certaia, 
metals,  the  former  known  as  "  mild  "  and  the  latter  as  '*  caustic  " 
alkalies.     (See  Alembic  Club  Reprints,  No,  L)     The  term  **  earth  " 
was  used  by  the  alchemists  for  such  substances  as  were  not  calcined 
by  heat  and  were  insoluble  in  water,  but  certain  of  these  were  some- 
what similar  to  the  alkalies  and  hence  known  as  ^*  alkaline  earths." 
The  term  alkali  now  ordinarily  refers  to  the  strong  basee  repre- 
aented   by  the   hydroxides  of  the  metals  of  this  group  or  theif 
salts  which  are  readily  hydrolyzed  in  solution.    (See  Cl^p,  XXVL) 
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The  ractals  of  this  sub-group  are  all  soft  and  readily  cut  with  a 
knife.  The  fresh  surfaces  are  of  brilhant  metallic  luster  but  tar- 
nish quickly,  through  oxidation,  on  expasure  to  the  air.  This 
reactivity  with  oxygen  is  most  marked  with  caesium  and  least  with 
lithium  and  in  general  the  same  order  holds  with  respect  to  other 
chemical  properties.  The  metals  all  react  with  water,  hthium  least 
rapidI3^  giving  hydrogen  and  hydroxides  which  are  extremely 
active  and  stable  bases,  i.e.,  these  hydroxides  in  aqueous  solution 
are  highly  ionized.  The  dry  substances  do  not  yield  water  when 
heated,  as  do  the  hydroxides  of  all  other  metals.  All  the  metals 
are  univalent  in  all  their  compounds  and  all  form  hydrides  which 
are  readily  decomposed  by  water.  They  form  salts  with  the  acids 
which  are  soluble,  as  a  rule,  and  the  varying  solubility  furnishes 
means  of  separation  from  each  other*  While  thus  the  members 
of  the  group  are  strikingly  similar  in  chemical  behavior,  each  has 
its  own  individual  characteristics  and  these  are  sometimes  not  such 
88  are  to  be  expected  from  their  positions  in  the  periodic  system. 
These  variations  are  more  frequent  with  lithium  and  sodium  than 
with  the  other  three.  Thus,  the  hydroxide  of  lithium  is  by  far  the 
least  soluble  of  the  hydroxides,  and  its  phosphate  and  carbonate 
are  markedly  more  insoluble  than  those  of  the  others.  Sodium 
shows  an  abnormally  high  specific  gravity  and  many  of  its  salts  are 
not  isomorphous  with  the  corresponding  salts  of  the  other  members 
^^f  the  famUy. 

^B  The  symbol  for  sodium^  Na.  is  derived  from  the  Latin  term^ 
^fnatron'*  (soda),  while  that  for  potassium  is  from  **kali**  the 
^PGerman  term  for  potash,  and  the  names  sodium  and  potassium  were 
f  bestowed  by  Davy  when  the  two  metals  were  isolated.  Lithium 
I  owes  its  name  to  its  preparation  from  mineral  matter  {XWo%  = 
stony).  The  names  rubidium  and  caesium  are  derived  from  the 
most  prominent  lines  in  their  bright  line  spectra  (sec  Chap.  XXV). 
The  symbol  Cs  is  interesting  since  at  the  time  of  Its  discovery, 
C,  Ca,  and  Ce  were  already  appropriated  by  carboUi  calcium  and 
cerium. 

Sodium 

Occurrence.  —  Sodium  occurs  in  nature  in  huge  quantities  as 
Bodiura  chloride  (c/.  p.  87),  It  is  also  abundant  in  the  form  of 
complex  silicates  (c/.  p.  298).  The  sodium  m\ts  are  utilized  by  sea 
plants  in  their  unaboiism^  much  as  potassium  salts  are  by  land 
plants,  and  when  these  are  burned  the  ashes  contain  large  percent- 
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ages  of  sodium  carbonate.    Deposits  of  the  so-called  sesquicarlxro- 
ate,  iron  a,  NaHCOj  •  NajCOa  •  2HiO,  occur  in  various  localities* . 
Borax,  NaiB407,  and  Chile  saltpeter,  NaNOi,  are  also  of  extensiTe 

occurrence.     Cryolite,  NaiAlFe,  is  a  valuable  mineral.     (Vide  sodBj 
and  aluminiumO 

Biatory  and  Pre|Miration*~  Metallic  sodium  was  first  prepared 
by  Sir  Humphry  Davy,  in  London,  in  1807,  by  the  electrolysis  of 
slightly  moist  sodium  hydroxide.  This  discovery,  simultaneous 
with  that  of  potassium,  was  an  important  event  in  chemical  his- 
tory, not  only  because  of  the  remarkable  and  new  propertied  of 
these  metals,  but  because  it  indicated  that  the  oxides,  previously 

regarded  as  elements,  were  com* 
plex  and  that  many  others  of  the 
-n  earths   and   alkaline   earths    were 

^—^    -"^      E^^^^^pg  likewise  probably  complex.     Also, 

^h  ^^MSfyi  it  had  wonderful  effect  in  stimuIaV 

^B  ^#^§S^>i       I ing  the  use  and  study  of  the  then 

^^^^      I      bifcWjJiWii  new  source  of  energy,  the  volt^c 

^^^h  ^Sfl  current,  and  resulted  directly  and 

^^^^^^^  aBH  indirectly  in  valuable  development 

^^^^^^P  F^^^^  ^^  chemical   theory,      (cf,  Mellor, 

^^^^^^  ^  p.  350.)     The  present  method  uaed 

I^I^T  FI0.S5,  jjj    j^g    preparation,    the    Castner 

'  process  (1890),  is  a  modification  of  the  process  of  Davy  and 
is  illustrated  in  Fig.  95,  It  may  also  be  prepared  by  the  elec- 
trolysis of  sodium  chloride  or  nitrate.  (See  also  preparation  of 
Bodium  hydroxide.)  For  many  years  it  was  chiefly  prepared  by 
reduction  of  sodium  hydroxide  by  iron,  4NaOH  +  3Fe  — ♦  FeiOi 
+  2Nj  +  4Na  or  by  reduction  of  sodium  carbonate  by  carbon, 
NaiCOs  +  2C  —  3Cb  +  2Na. 
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Properties^  Physical  and  ChemicaL  — It  is  a  silver  white 

metal  which  melts  at  97 .S*'  and  boils  at  742**.  Its  vapor  is  dark 
green,  It  is  soluble  in  liquid  ammonia,  forming  a  blue  solution. 
Its  vapor  is  monatomie.  The  metal  dissolves  readily  in  mercur}' 
to  form  an  amalgam,  with  large  evolution  of  heat,  and  if  the 
percentage  of  sodium  used  is  at  all  large,  the  mixture  is  solid  and 
probably  contains  definite  compounds  of  the  two  components. 
The  metal  reacts  with  moist  air  so  readily  that  a  freshly  cut  sur- 
face tarnishes  almost  instantly.     To  limit  this  action,  it  is  fre- 
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&ntly  kept  onder  kerosene  or  other  oil  or  in  sealed  vessels*  It 
-eacts  so  vigorously  with  wat-er  that  the  globule  of  sodium  melts 
md  floats  on  the  surface^  and  spins  rapidly,  owing  to  the  rapid 
ormatioQ  of  hydrogen  and  surface  tension  changes  of  the  solution 
ormed*  The  heat  formed  is  seldom  sufiBcient  to  ignite  the  hydro- 
jen  produced  at  the  same  time  (c/.  potassium),  but  if  held  in 
>Iace  by  filter  paper  will  do  so.  The  globule  not  infrequently 
)urstB  with  a  violent  explosion,  so  that  the  operation  should  be 
riewed  from  a  respectful  distance.  The  reaction  is  expressed,  2Na  + 
!HtO  -•  2NaOH  +  Ha.  If  sodium  is  heated  to  from  SOO"*  to  400'* 
Q  dry  air^  sodium  peroxide  is  formed. 

Ubcs,  —  Sodium  is  used  in  a  variety  of  chemical  processes  in 
he  laboratory,  such  as  in  drying  organic  substances  which  do 
lot  react  with  it  and  in  which  the  hydroxide  and  hydrogen  are 
K)th  insoluble,  e.g.,  ether.  Also  in  many  organic  syntheses,  such 
kS  the  building  up  of  the  hydrocarbon  chains  {vide  organic  chem- 
Btry).  It  is  manufactured  for  use  in  the  preparation  of  sodium 
leroxide  and  in  the  preparation  of  cyanides  {q^v.).  It  was  for- 
nerly  used  largely  for  the  reduction  of  refractor^'  ores  of  valuable 
are  metals,  but  the  use  in  this  manner  has  been  discontinued 
n  favor  of  the  more  effective  and  economical  Goldschmidt  process 

Compounds.  The  Hydride  and  Halides.  —  Sodium  when 
leated  with  hydrogen  reacts  to  form  the  hydride  NaH,  The 
product  is  not  only  unstable  at  temperatures  higher  than  350°  to 
too**,  but  is  exceedingly  reactive  with  ivater.  The  hydride  is  a 
iry^talline  solid.  The  extremely  important  substance,  sodium 
Uoride,  is  already  of  necessity  an  old  acquaintance  of  the  student, 
!t  has  been  an  article  of  commerce  from  time  immemorial.  Its 
latural  sources  have  been  attractive  to  animals  and  their  neigh- 
K)rhood  was  consequently  a  ** happy  hunting  ground'*  for  savage 
ind  barbaric  races.  The  vegetariani  whether  animal  or  man,  must 
lave  it  as  an  article  of  diet,  since  the  potassium  salts  of  plants 
cannot  apparently  supply  its  place  in  the  blood  where  it  is  kept 
iODBtantly  at  one*third  of  its  concentration  in  sea  water.  The 
ivilised  races  demand  purer  salt  than  is  ordinarily  available  in 
lature  and  though  pure  crystalline  salt  does  occur,  its  purification 
onstitutes  one  of  the  most  ancient  of  chemical  induatries.  All 
he  processes^  however  varied,  are  essentially  the  fractional  crystal- 
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lization  of  brines  obtained  either  as  sea  water  or  by  the  aolation, 
natural  or  artificial^  of  salt  deposits.  According  to  the  degree  of 
refinement,  we  have  the  various  grades  of  salt.  Sea  salt,  of 
course,  contains  all  the  salts  found  in  sea  water.  If  only  the 
coarse  salt  crystals  formed  by  partial  evaporation  of  sea  water 
by  the  heat  of  the  eun  are  used  we  have  what  is  known  as 
'*  solar  '^  salt.  Table  salt  must  be  free  from  deliquescent  sub* 
stances,  especially  magnesium  chloride^  else  it  "  cakes "  in  the 
salt  cellars.  Even  pure  sodium  chloride  is  markedly  hygroscopic. 
The  perfectly  pure  salt  is  prepared  most  readily  by  making  use 
of  the  solubility  product  of  the  system:  NaCl^Na®  +  CI'-  If 
to  a  solution  saturated  with  respect  to  salt  but  not  its  impurities, 
hydrochloric  acid  which  furnishes  a  common  ion,  chlorine  ioiii 
is  added,  the  pure  salt  separates  out.    Common  salt  crystalU^eB  in 

cubes,  and  a  very  interesting  form  is  the  hopper  crys* 

ir^V^j    tal  shown  in  Fig.  96.     Unless  the  crystals  are  formed 

/    slowly  and   with    constant   stirring   they   contain    en-^j 

Pig  m       closed  Water,  and  on  being  heated  explode  because  oM 

internal  formation  of  steam.  This  phenomenon  is  known  ~ 
as  decrepitation.  Salt  cr>^stallizes  ordinarily  without  water  of  crys- 
tallization, but  at  temperatures  below  —0,15^  it  crystallizes  mth 
two  molecules  of  water:  NaCl  •2HaO.  Its  melting  point  is  820^ 
It  volatilizes  rapidly  without  decomposition  at  higher  tempera- 
tures and  boils  at  about  1750**.  Its  solubility  is  about  350  grams 
per  liter  and  is  not  materially  increased  by  increase  of  tempera- 
ture. Sodium  chloride  tends  to  form  double  salts  with  the 
alkaHne  earth  and  earth  chlorides,  which  tendency  is  by  Remsen 
ascribed  to  the  polyvalence  of  chlorine  (see  Remsen's  double 
halide  theory).  Salt  is  used  not  only  as  an  article  of  diet  but 
in  the  preservation  of  meat  and  fish,  in  glazing  pottery,  drain- 
pipes, etc.  It  is  the  source  of  practically  all  other  compounds 
of  both  sodium  and  chlorine.  It  finds  almost  countless  other 
uses  of  a  minor  character.  The  other  halide  salts,  the  bromide, 
iodide  and  fluoride,  are  readily  prepared  but  are  not  extensively 
used. 


\ 
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The  Oxides  and  Eydroxide.  —  When  sodium  is  burned  in  air 

under  ordinary  conditions  a  mixture  of  the  oxide,  peroxide  and 
hydroxide  is  produced.  If  pure  dry  air  is  passed  over  heated 
sodium  at  about  400^,  sodium  peroxide  is  obtained  which  if  al* 
lowed  to  react  with  warm  water  forms  sodium  hydroxide  a&d 


1 


oxygen  (c/.  p.  30).  The  peroxide  may  be  dissolved  in  cold  water 
with  but  little  decomposition,  forming  a  hydrate,  NajOi  •  8H1O. 
When  this  is  treated  with  dilute  acid  hydrogen  peroxide  is  liber- 
ated. This  reaction  is  expressed  NajO,  +  2HC1  —  2NaCl  +  HjOj 
and  is  regarded  as  evidence  that  the  peroxide  has  the  structure 
Na-0-O-Na  or  Na-0  \  0-Na. 

Sodium  oxide,  Na^O,  in  pure  form  may  be  formed  by  treat- 
ing sodium  hydroxide  with  metallic  sodium,  2NaOH  +  2Na— > 
2Na90  +  Hi,     It  dissolves  readily  in  water  to  form  the  hydroxide. 

Sodium  hydroxide  has  long  been  an  important  article  of  com- 
nieree  l>ecause  of  its  use  in  the  manufacture  of  soap  and  because 
it  is  the  cheapest  form  of  strong  alkali.  It  was  for  many  years 
prepared  almost  wholly  by  treatment  of  sodium  carbonate  with 
slaked  lime:  Ca(OH)i  +  NaiC03?:iCaC0j  + 2NaOH.  This  reac- 
tion goes  nearly  to  completion  in  dilute  solution  by  reason  of  the 
insolubihty  of  the  calcium  carbonate.  If  sodium  hydroxide  of  suffi- 
cient concentration  be  used  the  reverse  reaction  may  be  made  to 
take  place-  Crude  sodium  hydroxide  is  produced  using  "  trona/' 
the  natural  form  of  the  carbonate.  If  pure  carbonate  prepared 
by  the  Le  Blanc  or  the  Solvay  process  is  used  a  purer  form  of  hy- 
droxide is  obtained.  (See  also  Mellor,  p.  347.)  It  is  sometimes 
purified  etilf  further  by  crystallization  from  alcohol  and  is  marketed 
in  stick  form.  Very  pure  hydroxide  is  made  from  metallic  sodium 
and  water.  All  these  processes  promise  to  be,  or  are,  given  up  in 
favor  of  the  electrolytic  process  which  uses  sodium  chloride  as  a 
raw  material-  A  number  of  patented  devices  for  this  method  of 
preparation  are  on  the  market  and  it  is  impossible  at  present  to 
aay  with  certainty  which  device  is  the  most  efficient.  One  of  the 
most  interesting  is  ahown  in  Fig.  32.  It  is  the  Castner-Kellner 
process,  using  mercury  as  a  cathode.  The  amalgam  bo  produced 
gives  practically  pure  sodium  hydroxide  by  reaction  with  water, 
(For  details  of  various  processes,  consult  Thompson's  Electro  Chem- 
istry.) Sodium  hydroxide  is  a  white  solid.  It  melts  at  a  red  heat. 
It  deliquesces  on  exposure  to  moist  air  from  which  It  also  absorbs 
carbon  dioxide,  becoming  ultimately  converted  to  the  carbonate. 
This  substance  then  loses  water  and  the  mass  gradually  dries.  It 
dissolves  in  water  with  evolution  of  heat  and  volume  contraction. 
Vast  quantities  of  sodium  hydroxide  are  used  in  the  preparation  of 
8oap  and  for  other  saponification  processes;  in  the  preparation  of 
paper  pulp  (see  also  sodium  acid  sulphite) ;  in  the  dyeing  industry 
and  for  the  refining  of  oila*    It  ia  also  a  very  valuable  laboratory 
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reagent.     It  is  ordinarily  known  commercially  as  caustic 
The  oxide,  NajO,  has  no  commercial  uses.     The  peroxide  is, 
has  already  been  mentioned,  a  valuable  meAns  of  obtaining  oxyg^, 
especially  for  pulmotors  in  mine  rescue  and  other  Iife-8a%*^ing  work. 
It  is  also  used  as  a  powerhi!  oxidizing  agent  in  laboratory  operatioai. 

Sodium  Carbonate.  —  The  carbonate  was  formerly  prepared 
either  by  recrystallization  of  the  naturally  occurring  trona,  or  by 
leaching  the  ashes  of  sea  planta.  When,  during  the  Napoleomc 
Wars,  France  was  cut  oflf  from  her  source  of  supply,  a  prize  of  100,000 
francs  was  offered  for  other  means  of  preparation.  This  prize  was 
won  by  Le  Blanc  (1794)  whose  method  is  as  follows:  Sodium 
chloride  treated  with  sulfuric  acid  at  high  temperatures  produces 
hydrochloric  acid  and  sodium  sulphate,  known  as  "salt  cake 
2NaCl  +  H,S04  -*  Na4S04  +  2HCL  The  acid  was  allowed  t-o 
escape.  The  salt  cake  is  heated  with  coal  and  hmestone,  the  fol-  I 
lowing  reactions  taking  place:  NaiSO*  +  2C  — >  Na^S  +  2C0j,  and  ] 
NaiS  +  CaCOa  -^  NasCOa  +  CaS.  This  mass  is  known  as  black 
ash  and  is  lixiviated  with  warm  water  and  the  solution  separated 
from  the  undissoh^ed  calcium  sulfide.  The  crude  soda,  formed  by 
evaporation  of  the  solution,  is  known  as  **  soda  ash/*  When  re- 
crystallized  from  water,  with  ten  molecules  of  water  of  crystallisa- 
tion, it  is  known  as  **  washing  soda.*'  If  crystallized  from  water  at 
or  above  35®,  it  contains  but  one  molecule  of  water,  NaiCOa  •  HjO, 
and  is  known  as  calcined  soda.  This  process  was  the  ordinary  one 
during  the  earlier  part  of  the  19th  century,  and  it  is  interesting  to 
note  that  the  process  involved  the  production  of  two  undeeirable 
by-products,  the  hydrochloric  acid  and  the  "  tank  waste,"  consist'- 
ing  of  considerable  percentages  of  calcium  sulfide,  and  that  the 
manufacturers  had  to  be  compelled  by  law  to  abate  the  nuisance 
of  the  escape  of  these  substances,  the  former  into  the  air,  and  the 
latter  into  the  streams.  During  the  latter  half  of  the  last  century, 
with  the  development  of  other  processes,  this  process  was  onl] 
enabled  to  compete  by  reason  of  the  value  of  its  by-products 
hydrochloric  acid  is  absorbed  by  water  and  finds  abundant  market; 
the  tank  waste  is  treated  with  carbon  dioxide  and  water,  i.e., 
bonic  acid,  and  converted  into  calcium  carbonate  and  hydrog^B 
sulfide,  CaS  +  HjCOt-^CaCO^  +  H,S;  the  sulfide  is  burned  in  a 
limited  air  supply  and  the  resulting  sulfur  marketed. 

The  Solvay  Process  was  invented  in  189L  By  contrast  mihM 
the  fate  of  I^e  Blanc,  who  in  the  Revolution  in  France  lost  bi«™ 
patents  and  died  insolvent  and  a  suicide,  the  wealth  accruing  from 


the  Solvay  process  in  the  family  of  the  inventor  was  so  great  that 

E,  Solvay  guaranteed  $10,000,000  of  the  indemnity  laid  upon 
Brussels  in  1914,  thus  saving  the  city  from  destruction.  The  proc- 
ess depends  upon  the  relatively  small  solubility  of  sodium  bicar- 
bonate. It  is  carried  out  by  passing  ammonia  and  carbon  dioxide 
into  a  saturated  solution  of  common  salt,  i.e.,  NaCl  +  NHiHCO^ 
— >  NaHCOs  +  NH4CL  The  bicarbonate  is  calcined  to  produce  the 
carbonate:  2NaHC03  -*  Na^CO*  +  COt  +  HiO,  and  the  resulting 
carbon  dioxide  may  be  again  used  in  the  process.  The  remaining 
carbon  dioxide  needed  is  produced  by  heating  limestone:  CaCOi 
— ►  CaO  *f  C0«,  and  the  lime  so  produced  is  slaked  and  used  to 
free  the  ammonia  from  ammonium  chloride:  2NH«C1  +  Ca(OH)i 
— ♦  CaCli  +  2NHi  +  HiO.  The  resulting  calcium  chloride  has  a 
small  market  value.  It  is  an  ideal  commercial  process  since  there 
are  no  waste  products. 

The  Cryolite  Process  is  also  used  to  some  extent.  This  consists 
in  fusing  cryolite  with  calcium  carbonate:  2Na3AlF«  +  CaCOj 
-^  SNasCO,  +  Alt(COi)»  +  6CaFj.  This  mass  being  leached  pro- 
duces a  solution  of  sodium  carbonate,  and  gaseous  carbon  dioxide. 
By  hydrolysis  of  the  aluminium  carbonate,  Al2{C0,'i)a  +  OHaO  — ► 
2A1(0H),  +  3HtC0i  -*  3H,0  +  3C0„  aluminium  hydroxide  is 
precipitated.     The  calcium  fluoride  is  also  insoluble. 

The  carbonate  may  also  be  prepared  by  pa.ssing  carbon  dioxide 
into  electrolytic  sodium  hydroxide,  and  this  process  promises, 
through  cheapening  of  electric  power,  to  become  a  serious  rival 
of  the  older  processes.  It  will  have  been  noted  that  the  Solvay 
process  produces  the  bicarbonate,  NaHCOi,  as  the  primary 
product.  This  may  also  be  prepared  by  passing  carbon  dioxide 
over  the  hydrated  carbonate.  The  bicarbonate  being  anhydrous 
the  water  released  from  the  decahydrate  must  be  removed.  This 
is  accomplished  by  allowing  it  to  drip  through  a  grating  on  which 
the  reaction  takes  place. 

The  properties  of  the  carbonates  have  in  part  appeared  in  the 
discussion  of  their  preparation.  The  common  form  of  the  car- 
bonate is  in  large  monoclinic  crystals  containing  ten  molecules 
of  water,  NajCOa  •  lOHiO,  Since  the  vapor  tension  of  these 
crystals  is  greater  than  the  normal  aqueous  pressure  of  the  at- 
mosphere, the  salt  is  efflorescent  (c/.  potassium  carbonate).  The 
salt  which  crystallizes  from  water  above  35.2*'  is  the  raonohydrate» 
NaiCOj  •  HiO,  and  at  still  higher  temperatures  this  may  be  com- 
pletely dehydrated.     The   relations  are  the  same  as  illustrated 
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for  sodium  sulphate  (see  Phase  Rule).  35.2**  is  the  tranati^ 
temperature  from  decfe-  to  mono-  hydrate.  In  aqueous  solutioi 
the  carbonate  is  highly  hydrolyzed,  as  mentioned  in  Chapter  I 
(hydrolysis). 

The  bicarbonate  is  an  anhydrous  salt  and  i^  very  much  hm 
soluble  than  the  carbonate.  The  reaction  involved  in  its  forma- 
tion: NaaCOi .  IOH2O  +  COs  ^  2NaHC0a  +  9HtO,  is  reversible 
even  in  solution,  so  that  on  boiling  carbon  dioxide  is  evolv^. 
On  heating  the  dry  salt  the  conversion  to  the  neutral  carbonate 
ia  readily  effected.  The  bicarbonate  is  nearly  neutral  in  soIutiQii, 
it  does  not  affect  even  phenolphthalein,  by  reason  of  the  very  slight 
ionization  of  the  ion  HCOa',  but  evidently  some  hydrolysis  takes 
place  else  the  reverse  reaction  mentioned  above  would  not  occur. 
'  ^:^  Sodium  carbonate  is  used  in  vast  quantities  for  making  soapT 
glass  {q*v,}f  for  water  softening^  etc.^  and  is  also  used  as  a  cleansiiii 
agent  both  industrially  and  in  the  home.  The  bicarbonate  whm 
treated  even  with  very  weak  acids  is  decomposed  and  carbon 
dioxide  is  liberated,  and  indeed  twice  the  quantity  which  will 
come  from  the  neutral  salt  containing  the  same  quantity  of  so- 
dium^  hence  the  prefix  bi.  For  this  reason  it  is  sometinie^ 
called  saleratus  (from  sal  =  salt  and  aer  =  gas),  though  this  tenw 
properly  telongs  to  the  corresponding  potassium  salt.  It  has 
been  long  used  in  cooking  operations  and  is  hence  called  **  baking 
soda/'  As  baking  soda,  its  function  is  to  evolve  gas,  COt»  which, 
enclosed  by  the  stick>^  dough  (the  stickiness  being  due  to  the 
gluten  in  the  flour),  expands  when  heated  and  so  causes  the  dough 
to  "  rise  '*  in  the  baking  process.  The  liberation  of  the  earbon 
dioxide,  as  well  as  the  decomposition  of  the  neutral  carbonate 
which  would  otherwise  be  formed,  is  effected  by  means  of  sour 
milk,  cream  of  tartar,  alum,  desiccated  sodium  aluminium  sulphatei 
calcium  acid  phosphate,  etc.  These  last  are  then  the  active 
factors,  with  the  soda,  of  baking  powders/  .The  bicarbonate  is 
also  used  in  medicine  as  a  mild  laxative  and  ant*acid,  and  in 
effervescent  drinks  such  as  Seidlitz  powders  and  bromo-seIt«er 

The  Sodium  Sulphates.  ^ — When  anhydrous  sodium  sulphate 
is  found  in  nature,  it  is  called  thenardite*  It  is  found  in  certain 
strata  in  salt  deposits.  The  sulfate  is  also  found  in  solution  in 
many  mineral  waters  w^here  its  aperient  effect  frequently  con 
stitutes  the  sole  medicinal  value  of  the  water.  In  the  dry  portions 
of  the  far  west  great  deposit^s  of  the  salt  are  found.  These  have 
been  produced  by  the  evaporation  of  lakes  which  formerly  con 
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tained  the  salt  in  solution.  It  is  formed  as  the  first  step  in  the 
Le  Blanc  soda  proc^ess  and  in  the  maniifaeture  of  nitric  acid  and 
in  many  other  processes.  It  is  usually  a  by-product  rather  than 
an  ohjeet  of  manufacture.  The  decahydrat-e,  NaSO*  •  lOHjO 
(Glauber's  Salt),  is  c^>^stallized  from  solution  Ijclow  32.4°,  The 
behavior  of  this  salt  with  respect  t<>  solubility  is  fully  discussed 
in  Bigelow's  Theoretical  Chemistry,  p*  340  (g-f.).  The  deca- 
hydrate  is  very  efflorescent  in  ordinaiy  air^  being  converted  to 
the  anhydrous  suit.  A  heptahydrate,  Na5S04  *  7HiO,  is  also 
rather  readily  prepared.  The  deeahydrate  reacts  reversibly  with 
hydrochloric  acid  (see  p.  136)  and  if  the  cr>'Btals  are  treated  with 
the  concentrated  acid,  a  marked  lowering  of  the  temperature 
is  produced^  hence  the  substances  are  used  as  a  freezing  mixture. 

The  bisulphate,  NaHS04,  is  formed  when  salt  is  treated  with 
an  excess  of  sulfuric  acid*  It  is  converted  on  heating  to  about 
SOO"*  to  the  pyrosulfate,  NajSiOj,  and  this  in  turn,  at  higher  tem- 
perature^ to  the  neutral  salt. 

Sodium  Cyanide.  —  This  salt  has  recently  become  of  impor- 
tance because  of  its  use  in  the  cyanide  process  of  gold  extraction 
(^.v.)*  It  is  synthesized  from  ammonia,  sodium  and  carbon. 
The  steps  of  the  process  already  given  (p.  338)  are  carried  out 
in  one  operation.  In  a  suitably  constructed  furnace  coke  and 
sodium  are  heated  in  an  atmosphere  of  ammonia,  at  5W,  until 
the  amide  is  formed.  The  temperature  is  then  raised  gradually 
until  at  800**  the  operation  is  complete  and  the  molten  cyanide 
drawn  from  the  furnace.  When  cooled  it  is  ready  for  the  market 
without  further  treatment.  The  cyanide  may  also  be  made  by 
fusing  calcium  cyanamide  with  coke  and  sodium  carbonate: 

CaCN,  +  C  +  Na^COa  -^  CaCOi  +  2NaCN. 


Other  Salts,  —  Among  the  many  other  salts  of  sodium  which 
are  important  because  of  their  uses  may  be  mentioned  the  follow* 
ing:  The  nitrate,  NaNOj,  especially  important  as  a  fertilizer; 
e  polysulfide,  NajS,,  used  as  an  insecticide;  the  sulfite,  NajSOi, 
as  a  raw  material  for  the  manufacture  of  the  thiosulfate;  the 
id  sulfite,  NaHSOji,  used  in  the  manufacture  and  bleaching  of 
per  pulp  and  also  in  the  **  Bastol  "  process  of  manufacture  of 
grain  alcohol  from  wood;  the  thiosulfate,  NaiSaOj,  used  as  a  sol- 
vent of  silver  salts  by  photographers  and  for  many  other  pur- 
poses; the  phosphates,  NaaP04,  NaaHPO*,  NaHsPOi  and  NaPO,. 
The   last  of   these  is   formed   by  heating    "  microcofimic  aalt/' 


410 


INORGANIC  CHEMISTRY 


NaNHiHPOi,  and  is  used  in  the  bead  test  in  analytical  operation&i 
The  tetraborate,  NajBiOr,  is  used  in  assaying  and  in  welding,  as  i  ] 
flux,  in  toilet  preparations  (borated  talcum  powders),  as  a  p^tac^ 
tive  of  foods^  etc.  The  silicate,  NajSiOj,  more  or  less  puns,  ii 
used  for  fireproofing  wood  and  other  materials,  as  a  binder  for 
artificial  stone  (used  for  road  metal),  and  for  the  preservation  of 
eggs.  As  this  partial  list  of  salts  will  indicate,  the  satisfactory^ 
discussion  of  all  the  compounds  is  not  possible  within  the  limits  of 
a  text-book.  When  details  concerning  such  compounds  are  needed 
the  student  should  seek  the  handbooks  such  as  those  of  Friends 
Abeggr  Dammer,  and  Roscoe  and  Schorleramer* 


^ 


Potassium 

Occurrence  and  Preparation.  —  Orthoclase,  one  of  the  feld- 
spars, KAlSiaOg^  and  mica,  KHiAls{Si04)3,  are  common  constit- 
uents of  rocks.  On  weathering  these  give  rise  to  soil  (see  p.  370) 
and  plants  use  a  portion  of  the  potassium  salt«  in  their  growth. 
These  salts  are  returned  to  the  soil  when  the  plants  decay*  When 
the  plants  are  burned,  the  potassium  remains  as  the  carbonate  and 
may  be  leached  out  of  the  ashes.  This  was  the  source  of  the 
"  lye  "  of  our  rural  ancestors,  which  w^as  used  for  making  soft  soap. 
The  chief  commercial  sources  of  potassium  are  the  salt  deposits  of 
Stassfurt,  where  it  occurs  iis  sylvite,  KCl,  and  carnallite,  KMgCli' 
6HaO.  Potassium  sulfate  is  also  a  constituent  of  salt  deposits. 
When  organic  substances  decay  in  the  presence  of  basic  materials, 
potassium  nitrate  is  formed  and  this  was  formerly  a  great  source 
of  the  salt,  Bengal  saltpeter  KNO3.  One  of  the  most  remarkable 
sources  of  potassium  salts  is  the  kelp,  seaweeds,  which  are  said  to 
contain  30-40  per  cent  of  the  weight  of  their  dry  residues  as  potas- 
sium chloride.  (Vide  J,  Ind.  and  Eug.  Chem.,  Vol,  8,  p.  568.) 
Some  potassium  salts  are  now  obtained  by  the  precipitation  of  the 
dust  from  the  cement  plants  by  the  Cottrell  precipitation  method. 

It  is  not  essential  to  repeat  in  detail  all  the  facts  concerning 
potassium  and  its  salts  which  have  been  taken  up  under  sodium. 
The  metal  was  first  prepared  by  Davy  by  electrolysis  and  is  now, 
but  only  recently,  made  chiefly  by  this  process.  Formerly  the 
chief  process  was  the  reduction  of  potassium  carbonate  by  carbon: 
KtCOs  +  3C  ^  2K  +  3C0.  This  method  was  not  wholly  free 
from  danger,  since  the  potassium  formed  tends  to  unite  with  carbon 
monoxide  to  form  potassium  carbonyl,  (KC0)6,  a  violently  explo- 
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ive  compoimd.  By  Castner*s  modifieation,  heating  the  hydroxide 
with  a  spongy  mass  of  carbide  of  iron  formed  by  heating  pitch  with 
iron  filings,  the  formation  of  the  carbonyl  is  thus  avoided,  since 
the  reaction  is; 

6K0H  +  2C  ^  2K2COa  +  3H,  +  2K. 

Properties*  —  The  metal  is  silver  white  but  tarnishes  so  quickly 
air  that  the  bright  surface  of  a  fresh  cut  almost  instantly  disap- 
It  melts  at  62.6°  and  boils  at  760**.  Its  specific  gravity  ia 
0.8621  at  20**,  Its  vapor  is  greenish  and  when  incandescent  gives 
a  violet  light  (see  flame  colorations).  The  density  of  the  vapor 
corresponds  to  that  which  would  indicate  monatomic  molecules. 
It  unites  violently  with  the  hydroxy!  group  from  water  and  the 
heat  liberated  ignites  the  hydrogen  evolved.  Like  sodium,  it  must 
be  preserved  out  of  contact  with  the  air.  It  also  unites  readily 
with  the  halides  and  with  various  other  elements  with  more  vigor 
than  doe^  sodium.  It  is  not  used  to  any  very  great  extent  because 
of  its  higher  cost  than  the  similarly  utilizable  metal  sodium.  Ita 
compounds,  however,  though  possessing  properties  closely  resem- 
bling those  of  sodium,  are  extensively  used,  since  in  many  cases 
they  cannot  be  replaced  by  the  cheaper  salts.  In  the  following 
discussion,  emphasis  will  be  placed  upon  these  uses  and  the  proper- 
ties which  cause  them. 


I 


Compounds.  Potassium  Hydride  and  the  Halides.  —  The 
hydride,  KH,  is  formed  by  heating  hydrogen  with  the  metal 
to  about  360'*  and  washing  the  impure  product  with  liquid 
ammonia  (see  sodium).  The  chloride  is  found,  as  previously 
mentioned,  in  sea  water,  where  it  is  present  in  much  smaller 
proportions  than  salt  and  also  tends  so  very  much  more  readily 
to  form  very  soluble  double  salts^  that  it  crystallizes  out  only 
from  very  concentrated  mother  liquors.  (See  Mellor,  p.  224 
ei  aeq.)  The  potassium  chloride  obtained  from  the  upper  layers 
of  the  salt  deposits  of  Stassfurt  not  only  are  the  chief  source 
of  this  substance,  but  it  in  turn  is  used  to  prepare  most  eco- 
nonncally  nearly  all  the  other  potassium  salts.  The  revenue 
derived  from  this  source  has  been  an  important  factor  in  German 
development,  and  more  particularly,  since  potassium  salts  are  an 
important  factor  in  the  fertility  of  the  soils,  relatively  cheap  potas- 
sium chloride  has  enabled  Germany  to  make  her  fields  so  fertUe  that 
she  is,  in  apite  of  her  dense  population,  nearly  a  seU-sustaining  land. 
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She  has  emphasized  this  advantage  by  an  export  duty  on  the  cUo*  | 
ride  and  also  by  limitations  on  the  quantity  exported-     The  Edit 
cryBtalli^es  in  cubes  not  perfectly  isomorphous  with  sodium  chloride. 
The  salt  ib  less  aoUible  in  cold  water  than  is  common  salt  (28  ;  35  dX 
G^)  hut  more  soluble  in  hot  water  (58  :  39  at  100"*) • 

The  bromide  also  crystallizes  in  cubes.  It  is  obtained  from 
potassium  hydroxide  treated  with  bromine  or  by  treatment  rf 
iron  filings  with  bromine  and  the  product^  Fe^Bra^  with  potaasims 
carbonate: 

FeaBrg  +  4KaCOs  +  4HtO  -^  8KBr  +  Fei(OH)«  +  4C0,. 

It  is  used  extensively  as  a  nerve  sedative,  in  the  making  of 
photographic  plates  (see  photography)  and  in  making  prinliQg 
papers  of  certain  types  and  as  a  retarder  in  photographic  devel- 
opment. It  is  a  constantly  used  source  of  bromide  ions  in  the 
laboratory  in  spite  of  the  fact  that  sodium  bromide  is  cheaper. 

The  fluoride  occurs  in  two  forms  because  of  the  complex  mole- 
cules of  hydrofluoric  acid  (HiFj)^  viz,,  KHFi  and  K^Fs.  The 
former  is  a  convenient  source  of  pure  anhydrous  hydrofluoric 
acid  since  it  can  be  decomposed  by  heat  into  the  fluoride  and 
the  acid,  2KHFa  -^  K^Fa  +  H2Fa.  It  was  the  salt  electrolyied 
by  Moissan  to  prepare  fluorine  (^.i;.). 

The  iodide  of  potassium  is  formed  as  is  the  bromide  and  the 
crystalline  cubes  can  be  readily  obtained  in  pure  form.  It  find* 
extensive  use  in  medicine^  photography;  and  in  the  laboratory 
in  spite  of  its  high  cost.  Its  solutions  dissolve  iodine  in  large 
amount,  and  undoubtediy  form  the  compound,  Kit-  This  also 
finds  use  as  a  laboratory  reagent  and  in  medicine  as  a  lotion. 

The  Oxides  and  Hydroxide.  —  The  oxide  is  prepared  by  direct 
union  of  oxygen  with  the  metal  at  or  about  180°  or  by  reducing 
the  nitrate  with  potassium:  2KNO3  +  lOK  -♦  6K3O  +  N^.  The 
treatment  which  yields  sodium  peroxide  {q.v,)  gives  with  potas- 
sium an  impure  tetroxide,  K^Oit  «■  yellow  solid,  which  may  be 
obtained  in  pure  form  by  melting  potassium  in  an  atmosphere 
of  pure  nitrogen,  and  while  molten  introducing  oxygen  so  long 
as  it  is  absorbed.  The  tetroxide  reacts  very  violently  with  water 
to  produce  oxygen,  hydrogen  peroxide  and  potassium  hydroxide. 
It  is  not  certain  that  the  peroxide,  K2O1,  has  been  prepared. 

The  hydroxide  was  formerly  made  wholly  by  double  decern- 
[  position  of  lime  with  potassium  carbonate.  It  is  now  prepartni 
h    almost  wholly  by  electrolysis.     It  is  purified  by  the  same  methods 
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Bed  for  sodium  hydroxide.     It  is  a  white  solid  which  does  not 

ase  w^ater  even  at  a  red  heat.     It  ia  very  deliquesceot  and  ex- 

jineiy  soluble  in  water,  nearly  1500  grams  per  liter  of  water, 

ike  sodium  hydroxide,  it  has  an  exceedingly  corrosive  action  on 

le  flesh,  and  to  this  action  is  due  the  names  caustic  potashp  and 

iustic  soda.      The  reaction   with  the  tissues  is  of  the  type  of 

irdrolysis.    It  is  more  expensive  than  sodium  hydroxide  and  hence 

"not  used  so  extensively.     It  is  nialnly  used  in  making  soft  soap. 

Potassium  Chlorate.  —  With  this  salt  the  student  is  already 
familiar.  It  was  formerly  made  by  the  process  described  on 
p.  197t  but  is  now  chiefly  prepared  electrolytically  from  potassium 
chloride.  Recently,  it  has  been  demonstrated  that  practically 
pure  potassium  chlorate  can  be  prepared  by  the  electrolysis  of  the 
extract  of  kelp  ash  (c/.  p.  410)  (see  a  thesis  by  Henry  Howard, 
University  of  Washington,  1915.  See  also  Mellor,  p.  287.).  It  is 
used  in  the  preparation  of  oxygen,  of  fireworks,  and  of  certain 
varieties  of  matches.  Its  most  extensive  application  is  in  the 
making  of  chlorate  powders  which  are  finding  extensive  use  aa 
explosives.  The  reason  potassium  chlorate  finds  so  much  more 
extended  use  than  the  sodium  salt  is  that  the  latter  is  much  more 
soluble,  the  ratios  being  at  18^,  6.6  to  97.2,  and  hence  the  latter 
ifi  difficult  to  separate  in  the  pure  condition.  It  is  also  highly 
hygroscopic,  while  the  potassium  salt  is  not.  Potassium  per- 
chlorate  is  also  prepared  in  some  quantity  and  its  formation  has 
already  been  discussed  (c/.  Chapter  X). 

Potassium  Nitrate.  —  This  is  in  many  respects  the  most 
useful  of  the  potassium  salts.  Its  presence  in  soils  and  as  Bengal 
saltpeter  has  already  been  mentioned  (see  p,  283).  The  niter 
farms  or  the  East  India  supply  (see  p.  283),  furnished  the  world's 
needs  until  about  1854  when  the  huge  quantities  needed  for  powder 
in  the  Crimean  and  other  wars  brought  forward  the  method  of 
double  decomposition  of  Chile  saltpeter  and  potassium  chloride; 
KCI  +  NaNOj  -►  KNOj  +  NaCl.  In  this  case  the  mother  liquor 
contains  the  desired  salt  since  the  potassium  nitrate  is  so  very 
much  more  soluble  than  the  sodium  chloride.  The  salt  is  anhy- 
drous and  readily  forme  large  prisms  of  the  rhombic  system  which 
decrepitate  on  heating,  because  of  enclosed  water,  and  melt  at 
340**.  When  heated  to  red  heat,  it  evolves  oxygen  and  forms  the 
nitrite  (q^v.).  It  is  used  chiefly  in  the  formation  of  gunpowder 
(in  which  the  sodium  salt  may  not  be  used  since  it  is  deliquescent), 
which  is  manufactured  by  intimutely  mixing  potassium  nitratei 
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sulfur  and  carbon  in  the  ratio  of  75  :  10  :  14.  The  ingredieaito 
are  mixed  wet  and  on  drying  about  1%  of  water  remains.  The 
high  poUsh  shown  by  the  mixture  is  secured  by  revolving  the 
granules  in  rotating  drams.  The  reaction  of  the  componeDts  of 
gunpowder  on  explosion  are  somewhat  complex,  but  the  general 
course  is  indicated  by  the  equation :  4KN0a  +  82  +  6C  — ^  2KtS 
+  2Ni  +  6C0a,  and  the  smoke  is  due  to  the  solid  sulfide  (see 
Explosives^  Benson's  Industrial  Chemistry).  The  manufacture 
of  gunpowder  is  now  probably  as  extensive  as  it  ever  was,  in  spite 
of  the  modern  use  of  '*  smokeless  powders  ^'  which  are  much  more 
powerful  because  it  is  a  elow-buming  powder  and  gives  what  is 
known  as  a  "  lifting  efifect  *'  to  explosions  in  %vhich  it  is  a  com- 
ponent rather  than  the  shattering  effect  with  the  more  rapidly 
explosive  guncottons,  nitroglycerine,  gelatine,  picric  acid,  and 
others  of  the  large  family  of  modern  explosives.  Its  use  in  blast* 
ing  powders  for  stumping  and  clay  operations  therefore  continued. 
The  nitrate  is  also  used  largely  in  the  "  corning"  of  beef* 

Potassium  Nitrite. —  This  salt  is  formed  by  heating  the  ni- 
trate sufficiently,  hut  the  formation  takes  place  more  readily,  as 
is  to  be  expected  from  the  principles  of  chemical  equilibrium  {q.if»)t 
if  a  consumer  of  oxygen  is  also  present.  The  reducing  substanM 
used  is  lead:  KNO\  +  Pb  -^  PbO  -f  KNO«.  This  salt  finds 
not  duplicated  by  sodium  nitrite,  for  example  in  separating  cobalt 
from  nickel  by  the  douljle  nitrite  method  {q.v.). 

The  Carbonates.  —  The  carbonate  and  bicarbonate  of  potas- 
sium offer  no  points  of  interest  different  from  those  exhibited  by 
the  sodium  salts  except  as  follows:  Potassium  carbonate  is  ex- 
uded in  the  perspiration  of  herbivorous  animals  and  is  ,the  par- 
tial cause  of  the  continual  dampness  of  the  wool  of  sheep  since  it  is 
so  strongly  dehquescent.  The  fatty  material  known  as  **  suint/' 
washed  from  wool,  contains  potas.^ium  carbonate  and  lanolin,  a 
well-known  drug.  The  chief  use  of  the  carbonate  is  in  the  manu- 
facture of  soft  soap  and  hard,  i.e.,  infusible,  glass.  (See  Glass.) 
The  bicarbonate,  the  true  saleratus,  was  formerly  much  used  in 
cookery.    The  carbonate  is  used  in  the  laboratory  as  a  drying  agent 

Other  Salts.  —  Among  the  other  salts  of  potassium  of  which 
space  forbids  discussion  and  yet  of  importance  in  several  waj'S, 
are:  potassium  cyanide,  already  discussed  (see  p.  338),  the  cyanate, 
KCNO,  the  sulfocyanate,  KCNS,  the  sulfate,  K,SOi,  the  aeid 
sulfate,  KHSO4,  the  pyrosulfate,  K3S2O7,  the  persulfate,  KiStQit 
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ie  sulfide,  K2S,  the  polysulfide,  KjS„  the  pyroantimonate,  KiSb,07, 
'the  acid  tartrate,  KHC4H4OC,  known  as  creara  of  tartar,  the  sodium 
jtassium  tartrate,  KNaCiHiOi,  known  as  Rochelle  salts,  the  sili- 
lies,  etc.,  etc.  The  student  will  observe  the  wide  range  of  these 
impounds  and  recognize  the  fundamental  importance  of  potassium 
the  chemical  system.  For  details,  consult  such  handbooks  aa 
•lend,  Abegg,  Dammer,  etc. 

Ammonitim 

The  relation  of  ammonia  to  the  radical  ammonium  has  already 
Bn  pointed  out  (p.  267).  The  recognition  of  the  metal-like 
laracter  of  the  group  and  its  relation  in  properties  to  the  alkali 
petals  we  owe  to  Ampere  (1816),  though  ammonium  salts  had 
en  known  for  centuries  before  and  ammonium  amalgam  {vide 
nfra)  had  been  prepared  as  early  as  1808  by  Berzelius  and  by  See- 
ck.  The  fact  that  the  group  of  elements  NH4  plays  the  part  of  a 
aetal-like  element  in  the  formation  of  ammonium  hydroxide  and 
salts  has  led  to  vigorous  efforts  to  isolate  the  substance.  These 
%ve  been  as  yet  without  result  and  the  nearest  we  have  come  to 
lis  result  is  the  preparation  of  ammomum  amalgam*  This  **  com- 
3und  "  can  be  prepared  by  electrolysis  of  concentrated  solutions 
uf  ammonium  salts  using  mercury  as  a  cathode.  It  may  also  be 
;>repared  by  treating  a  dilute  amalgam  of  sodium  (about  1  per  cent) 
ith  a  concentrated  solution  of  ammonium  chloride.  The  reaction 
xffered  to  take  place  is,  NH4CI  +  Na(Hg)  -►  NaCl  +  NH4(Hg). 
'When  the  amalgam  is  prepared  at  ver>^  low  temperatures  it  is  a 
hard  solid  and  even  at  0**  C.  shows  but  little  tendency  to  decompose. 
If  the  amalgam  is  treated  at  zero  with  salt  solutions  some  of  the 
tnetal  of  the  salt  is  precipitated,  for  example,  2(Hg)NH4  +  ZnSOi 
— ►  Zn(Hg)  +  (NHi)2S0i.  If  the  amalgam  is  allowed  to  warm  up 
to  room  temperature  the  mass  swells  up  to  a  spongy  consistency 
of  ammonia,  hydrogen  and  the  metal.  Such  reactions  taken  in 
conjunction  with  the  general  behavior  of  ammonium  hydroxide 
and  ammonium  salts  and  with  the  existence  of  similar  radicals  such 
as  that  of  the  sulfonium  bases  S(R)sOH  (see  organic  chemistry) 
leave  little  doubt  that  the  ammonium  salts  have  the  general  formula 
NH4X.  That  all  such  salts  dissociate  by  heat  into  ammonia  and 
free  acid,  NH4X  — ♦  NHj  +  HX,  is  in  accord  with  this  conclusion. 

Compounds.  —  Ammonium  hydroxide  has  been  discussed*  p. 
268,  and  it  is  only  necessary  to  point  out  that  since  the  solatiou 
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presents   the  system,   NH4OH  ^  H2O  +  NHj,    its    reactions  1 
not  due  alone  to  the  ions  of  the  base  but  are  at  times  due  to^ 
presence  of  the  ammonia.     {Vide  complex  salts  of  silver  and  1 
inum.)     The  oxide  (NH4)20  has  not  been  isolated. 

The   Ammonium    Halides.  —  Ammonium   chloride    is  oat  \ 
the  most  valuable  of  ammonium  salts.     The  commercial  naoiedl 
ammoniac  is  referred  to  on  p.  263.     It  was  formerly  highly  < 
as  a  medicine  and  was  mostly  obtained  from  urine.     Of 
years  it  is  almost  w^holly  obtained  from  **  gas  liquor  "  (p.  263tfi1 
p.  344)  by  passing  the  ammonia  hberated  from    the  liquor  !ai| 
hydrochloric  acid,  or  by  heating  ammonium  sulfate  with  sodsol 
chloride,  (NHO^SOi  +  2NaCl  ^  Na^SO*  +  2NH4CI.      It  is  a  wteul 
crystalline  soUd,  forming  either  cubes  or  octahedra.      It  is  mostl 
readily   prepared   in   pure  form   by  sublimation.     7"he   subUaneJl 
salt  forms  white  fibrous  masses.     At  350^  its  vapor   density  ill 
29.04  (H  =  2),  while  its  molecular  weight  should  be  53,5.    TbisI 
relation  is  presumed  to  be  due  to  dissociation;    NH4CI  ^  NHi] 
+  HC1>  which  if  complete  should  give  the  value  26.75,  i.e.,  the 
mean  of  the  molecular  weights  of  the  acid,  36.6,  and  of  ammooi!..! 
17,    At  1040"  the  density  is  28.75.     If  the  perfectly  dry  salt  « ^ 
volatilized  it  gives  the  value  63.5  (Baker,  1894).     This  is  taken  to 
indicate  that  traces  of  water  vapor  exercise  a  catalytic  efifect  on  the 
dissociation.    The  dissociation  may  also  be  inhibited  by  volatilisiJii 
the  salt  in  an  atmosphere  of  either  ammonia  or  of  hydrochlone 
acid.     The  clearing  up  of  this  relation  had  an  important  bearing 
on  the  acceptance  of  the  validity  of  Avogadro's  hypothesis  aa  & 
valid  criterion  for  relative  weights  of  molecules  and   also  as  i1 
final  test  in   selecting  atomic    w^eights.     With   the  development  I 
of  the  idea  of  valence,  Kekule  (1860),  in  order  to  avoid  the 
sumption  of  varying  valence  of  elements,  considered  ammooiur^ 
and   similar  compounds   to   be   "  molecular."     Thus   ammonium 
chloride  was  assumed  to  be  made  of  ammonia,  in  w^hich  nitrogen 
is  trivalent  and  hydrochloric  acid,  the  union  being  of  a  differect 
sort  than  that  between  hydrogen  and  nitrogen.     Although  Thorpe 
and  Victor  Meyer  and  others  showed  this  not  a  fruitful  or  vahd 
assumption  and  that  it  is  preferable  to  regard  the  structural  rela- 
tions as  indicated: 

H 
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id  so  enforced  the  idea  of  varying  valency  in  the  case  of  nitrogen 
well   as  of  other  elements;  yet  the  classification  **  molecular 

impounds  *'  persists  and  includes  those  substances  in  which 
the  valence  relation  is  either  obscure  or  there  are  involved  assump* 
tions  which  most  chemists  are  not  agreed  upon.  (Examples  of 
such  compounds  are  hydrates,  p,  82,  nitrosyl  compounds,  p*  293, 
the  double  halide^,  p.  521,  etc.  See  also  Theory  of  Valency,  p.  627.) 
Ammonium  chloride  is  used  as  a  flux  in  soldering,  where  it  acta 
most  probably  as  a  cleansing  agent  bv  reason  of  the  successive 
reactions,  NH4CI  -^  NH3  +  HCl  and  M  *  O  +  2HC1  -♦  M  •  CI, 
+  HiO,  and  when  all  these  factors  are  volatile  or  liquid  at  a  red 
heat,  or  are  soluble  at  lower  temperatures,  clean  metal  surfaces 
are  provided  antecedent  to  the  soldering  proper,  (The  same 
function  is  performed  in  the  use  of  borax  in  welding,  though  for 
a  diflferent  reason.)  Ammonium  chloride  finds  frequent  labora- 
tory application.  The  most  extensive  use  is  in  the  manufacture 
of  electrical  devices,  the  most  important  of  which  is  the  dry  cell, 
of  which  upwards  of  50,000,000  are  made  annually  in  the  United 
States  alone.  These  cells  are  composed  of  a  carbon  zinc  couple 
with  the  carbon  surrounded  by  manganese  dioxide  and  the  zinc 
with  a  paste  of  ammonium  chloride.  The  reaction  which  takes 
place  is  the  formation  of  Zn(NH3)iCli,  MnCla  and  HiO  probably 
as  follows: 

Zn  +  MnOi  +  4NH4CI  -^  ZnCla  -  4NH,  +  MnClj  +  2HtO, 

Ammomum  bromide  and  iodide  are  white  solids,  the  latter  deli- 
quescent and  unstable.  They  both  find  application  in  photog- 
raphy and  the  iodide  is  what  is  known  as  **  colorless  iodine.** 
The  fluoride  is  unstable  and  by  hydrolysis  forms  hydroBuoric 
acid.     It  may  therefore  be  used  to  etch  glass. 

Ammonium  Sulfides.  ^ — ^When  ammonium   hydroxide  is  satu 
rated  with  hydrogen  sulfide  a  soluble  salt,   NH4HS,  is  forme 
It  may  also  be  formed  by  mixing  equal  volumes  of  gaseous  am- 
^jttonia  and  l^ydrogen  sulfide.     It  is  unstable  and  the  system  is, 

B^  NHiHS  5=t  NH4HS  i=t  NH«  +  H,S, 

^^^^  oolid  gas 

^tDOTefore  when  exposed  to  the  air  it  completely  decomposes  by' 

I    reason  of  the  volatility  of  the  gaseous  products.     If  two  volumes 

of  ammonia  and  one  of  hydrogen  sulfide  are  brought  together 

the  neutral  sulfide,  (NHi)tS,  is  formed.     It  may  also  be  prepared 


418 


INORGANIC  CHEMISTRV 


» 


I 


^ 


by  saturating  one-half  of  a  given  volume  of  ammoniuin  hy< 
solution  with  hydrogen  sulfide  and  adding  the  other  halt 
being  the  salt  of  a  weak  acid  and  a  moderatcJy  weak  base,  is  pWBjl 
largdy  hydrolyzed  by  water,  (NH^tS  -f  2H2O  ^=±  2NH4OH  +W 
The  ammonium  hydroxide  by  decomposition  gives  rise  to  amnuMl 
and  the  hydrogen  sulfide  to  sulfur.  If»  therefore,  ammtmiB' 
sulfide  is  exposed  to  air  ammonia  escapes  and  polysulfidsi  rfl 
ammonium  are  formed,  (NH4)tSx.  The  decompoeition  is  A 
facilitated  by  action  of  light  (&ee  Actino  Chemistry).  The  pfr 
sulfide  is  a  very  common  and  valuable  laboratory  reagent,  bcis|l 
employed  not  only  to  precipitate  the  sulfides  of  the  third  group' 
(analytical)  metals,  but  also  as  a  solvent  for  the  sulfides  of  addif 
character  (sub-group  B,  Group  11). 

Ammomum  Carbonate,  (NH4)iCOs.  —  This  salt  is  ooc  d 
tlie  ammonium  compounds  present  in  gas  liquor.  The  so-calM 
**  sesquicarbonate  *'  is  prepared  ordinarily  from  calcium  carboDnu 
and  ammonium  sulfate  by  subhmation.  It  is,  as  so  preparoi 
really  a  mixture  of  the  bicarbonate  NHiHCOj,   and   ammoaium 

NH,v 
carbamate  ;C0,  which  is  derived  from  the  neutral  cArboo- 

ate  by  loss  of  one  molecule  of  water,  

NH4O/  NHiO^ 

The  neutral  carbonate  may  be  prepared,  as  is  the  Bulfide  (g.f.)i 
using  carbon  dioxide  instead  of  hydrogen  sulfide. 

Ammonium  Sulfate,  (NH4)2304.  —  It   is  the  cheapest   of 
salts  of  ammonium.     It  is  formed  by  collecting  the  ammonia." 
distilled  from  gas  hquor,  in  sulfuric  acid.     It  is  used  in  immeosa 
quantities  as  a  fertilizer  (upwards  of  half  a  million  tons  per  year 
in  the  United  States)  ^  and  is  the  raw  material  for  the  preparation 
of  liquid  ammonia^  aqua  ammonia  and  the  ammonium  salts. 

Ammonium  Nitrate,  (NHJNOj,  is    formed   by   neutralisatioa 
of  nitric  acid  with  ammonia.     It  is  a  very  interesting  compound 
by  reason  of  its  utilization  in  the  formation  of  nitrous  oxide  (^.f.)! 
and  as  a  constituent  of  the  explosive  known  as  ammonite,  wbieti] 
is  a  mixture  of  80  to  90%  of  this  salt  and  10  to  20%  of  dinitroben^J 
zene  or  trinitrotoluene,  or  nitronaphthalene.     The  decomposition 
of  ammonium  nitrate  is  an  exothermic  process  and  when  heat 
alone,  as  in  the  preparation  of  laughing  gas,  the  reaction   mav 
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be  explosive  if  large  quaotUiee  are  heated  or  if  the  temperature 
be  unduly  raised. 

Other  Salts.  —  The  following  salts  of  ammonium  are  also  t^ 
be  mentioned:  **  microcosmic  salt/'  NH<NaHPO^,  used  in  making 
beads  for  the  **  bead  test  '*  (see  p.  305);  ammonium  sulfoeyanate, 
NH4SCN,  used  as  an  analytical  reagent  for  the  detection  of  ferric 
ions;  the  cyanate  NH4OCN  because  of  it«  spontaneous  trans- 
formation to  urea  (see  p,  339);  the  nitrite  NHiNOj,  because  of 
its  decomposition  to  nitrogen  and  water  (see  p.  259);  the  oxalate 
{NH4)iCt04,  used  as  a  reagent  for  detection  and  estimation  of 
calcium;  the  persulfate  (NH4)tSiOt,  used  as  an  oxidizing  agent; 
le  chlorplatinate  (NHiltPtCU,  an  insoluble  salt  isomorphoua 
itb,  and  closely  resembling,  the  corresponding  potassium  salt. 
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The  element  occurs  widely  diBtributed  bul  does  oot  usually  occur  in  large 
quantities     The   chief   compounds   are   petalite,    LiAl(Si|Oi)i^    and   lepidolita 
(R*AU8iOi*i»  where  R  »  Li,  K,  Na)  and  numerous  other  minerali,  though  the 
amount  aeldom  run^  over  six  per  cent  of  the  crude  mineral.     It  is  found  in  traces j 
in  the  ash  of  many  planta  and  that  of  milk  and  blood.     It  ia  preBomahly  alad] 
present  m  tracea  in  fertile  Boila.     Trac^  are  also  frequently  found  in  water  froml 
practically  all  aourwa.     When  present  in  any  notable  quantity  the  mineral  water^ 
ifl  auppoBed  to  have  medicinal  value.     The  element  was  first  recognised  in  1817 
by  ArgvedaoQ,  but  was  ^rst  iaolated  by  electrotyeiji  of  ita  fused  chloride  by  Bun- 
sen,  1855.     It  is  the  lightest  of  the  metab^  not  only  floating  upon  water  but  upon 
the  keroaene  m  which  it  ia  ordinarily  kept  out  of  contaet  with  air.     It  is  the  least 
active  of  the  elements  of  its  »ub-group  but  reacts  with  water  to  form  the  hydrojdde. 
It  fonna  with  hydrogen  a  hydride,  LiH,  as  do  sodium  and  potassium.    The  moot 
Btrikiog  reaction  ia  with  nitrogen  with  which  at  red  heat  it  forma  the  nitride 
NLi|.     Its  salts  differ  markedly  in  solubility  from  those  of  potaasium  and  sodium. 
The  chloride,  LiCl,  carbonate,  LifCO»*  and  phoaphate  LiaPOi,  are  its  most  import 
tact  salta.    The  fir^t.  the  chloride,  is  soluble  in  amyl  alcohol  and  in  pyndene  and 
may  by  this  fact  be  separated  from  the  other  alkali  li&lidea.    The  phosphate  and 
carbonate  are  cbaracterixed  by  marked  inaolubility  in  water. 

■  Rubidium  and  Caesixtm 

la  the  examination  of  the  residue  from  the  water  of  the  Durkheim  spring  by] 
means  of  the  newly  invented  spectroscope  (q-v,),  Bunseo  and  Kirchhoff.  1860, 
observed  specially  prominent  bright  lines  in  the  spectrum  which  ted  them  ulti- 
prntely  to  the  isolation  of  the  salts  of  two  new  elements  which  have  the  atomic 
weights  85.5  and  132.S  respectively.    The  former,  fn^m  two  specialty  bright  tineii| 
the  red  end  of  the  spectrum,  waa  called  rubidium  {rubidiut  «  dark  red). 
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The  latter,  characterized  by  two  bright  blue  lines,  was  called  caesiiun  (eamm  ^ 
Bky  blue).    The  elements  have  since  been  found  to  occur  in  certain  rare  mil 
(see  p.  358,  Mellor)  and  along  with  the  other  alkali  tnetala  in  yanous  i 
Both  elements^  while  thus  rather  widely  distributed  occur  only  in  small  quant 
They  have  bb  yet  found  no  practical  applicatioas  either  aa  elements  or  in  the  iam 
of  their  aalta.     Their  chief  interest  is*  then,  purely  acientific.     Their  modoat. 
preparation,  their  properUee  and  their  compounds  are  analogous  to  Ihoati 
potaasium. 

General    Relations   of   the  Alkali   Metals*  —  A    conveme 

method  of  comparison  of  the  properties  is  by  means  of  the  foUo« 
ing  table: 


Date  of  diflcovery . . . , , , 

Atomic  weight.. , . . 

Bpecific  gravity 

Atomic  volume  «  ?r-^ — - 

bp.  gr. 

Melting  point... , 

Boiling  point, 

Specific  heat 

Conductivity  in  reciprocal  ohms 
per  cubic  centimeter  at  0*  1.06 
X  10*  fLandolt'Ikirnstein) 

Solubility  of  chlorides  at  20^  C. 
Per  cent  by  wt.  in  100  g.  of  so- 
lution  ,  — 

Solubility  per  100  cc.  of  water 
atO', 

Equivalent  conductivity  atdilu- 
tionof  ma.  at25'^.. 

Ionic  mobil  ity  at  18 " , 


LitbiiuB. 


1817 
5.04 
0.5a4 

13.1 

186'* 

1400** 
O.Ml 


1L7 

42.4 

77.9 

iie.i 

33.4 


Sodium. 


1807 
23  0 

0.9712 

23.7 

97* 
877.5** 
0.293 


22.3 

26.38 

358.6 

126.3 
43.5 


Potaa- 


1807 
39.1 
0,8621 

45.4 

62. 5* 
700** 
0.166 


143 

25.5 
329.5 

147.8 

64.6 


Rubid- 
ium. 


1861 
85  45 
1.532 

55  8 

385^ 
696** 
0.0792 


8.62 
47.66 


151 
67.5 


1861 

132.81 

1,8? 

71.0 
670' 


5.52 
65.1 


151.7 

68 


Ionic  Relations.  —  AH  five  of  the  metals  of  this  group  furnish 
univalent  ions  when  their  salts  are  dissolved  in  water.  Thei^  is 
considerable  evidence  that  these  ions  are  hydrated  in  solution  and 
one  set  of  the  facts  which  indicate  this  is  given  in  the  preceding 
table.  The  conductivity  of  the  ions  is  in  inverse  order  of  their 
atomic  weights.  This  is  ao  anomaly  unless  they  are  **  loaded  ' 
with  water.  Washburn,  Remy  (see  G.  McPhail  Smith,  J,  Km- 
Chem.  Soc.,  32»  722,  1915),  and  others  have  accumulated  evidence 
which  led  them  t-o  believe  that  the  relative  degrees  of  hydration 
are  Li  24,  Na  16.9,  K  9.6,  Rb  6.4,  Cs  3.7.     The  salts  of  the  meUk 
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separable  from  each  other  as  follows:  The  dry  chlorides  may 
treated  with  arayl  alcohol  which  dissolves  lithium  chloride. 
''The  remaining  chlorides  may  then  be  dissolved  in  water  and  the 
double  chlorides  of  platinum,  MiPtCU,  formed.  Sodium  chlorplati- 
aate  is  soluble.  The  three  remaining  salts  are  ignited  and  so  con- 
irerted  to  chlorides  and  platinum*  The  mixed  chlorides  may  he 
then  treated  with  stannic  chloride  and  the  potassium  chlorstan- 
nate,  KjSnCU,  dissolved  in  water.  The  remaining  stanmites  may 
be  converted  to  the  chlorides  and  treated  with  antimony  trichloride. 
The  caesium  salt  CsaSbCls,  is  precipitated.  The  sulfates  of  potas- 
sium, rubidium^  and  caesium  may  also  l>e  separated  from  each 
other  by  conversion  t-o  the  alums  (g.t?0.  The  relative  solubility 
of  the  atums  being  as  13.5  to  2.27  and  0.62  grams  per  100  cc*  of 
water  they  may  be  separated  by  fractional  crystallization. 

The  most  striking  characteristics  of  the  salts  of  the  metals 
are  their  flame  colorations  and  spectral  lines.  When  the  volatile 
salts  are  heated  to  such  a  t'Cmperature  that  the  gases  are  incandes- 
cent, lithium  salt*  color  the  flame  crimson;  sodium,  j^ellow;  potas- 
sium, violet;  rubidium,  red;  and  caesium,  blue.  Of  course  if 
the  salt  of  more  than  one  metal  is  present  the  flame  color  pro- 
duced will  be  the  resultant  color  of  the  mixture.  If,  however^ 
the  flame  is  examinedi  spectroscopically»  characteristic  lines  are 
produced  which  are  considered  as  means  of  absolute  identification. 
The  importance  of  the  spectroscope  is  readily  evident  and  when 
a  few  more  relations  of  this  sort  have  been  met  the  subject  will 

Kie  more  fully  discussed.    (See  Chap.  XXVJ 
Exercises.  —  L  Write  the  equations  involved  in  the  preparation 
f  soap  from  olein  (p,  362)  and  potassium  hydroxide,  and  trans- 
formation to  hard  soap  by  treatment  with  common  salt. 

2.  Make  application  of  the  *'  mass  action  '*  laws  (p.  136)  to 
the  increase  of  yield  of  hard  soap  by  use  of  an  excess  of  salt. 

3.  Write  all  the  equations  involved  in  the  preparation  of  sodium 
bicarbonate  by  the  Le  Blanc  process,  and  of  sodium  carbonate  by 
the  Solvay  proems. 

4.  Write  all  the  equations  for  the  steps  involved  in  the  prepara- 
tion of  sodium  carbonate,  starting  with  the  electrolysis  of  sodium 
chloride  by  the  Castner-Kellner  process. 

5.  Since  sodium  peroxide  is  neither  volatile  nor  soluble  without 
decomposition,  why  do  we  write  the  formula  Na^Of  rather  than 
NaOT 
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6,  In  terms  of  the  kinetic  molecular  hypothesis  explain  the 
efflorescence  of  hydrated  Bodium  sulfate  and  the  deliquescence  of 
potassium  carbonate. 

7*  Write  the  equations  involved  in  the  preparation  of  sodium 
pyroeulfate  from  sodium  hydroxide  and  sulfuric  acid. 

8.  Make  a  list  of  the  salts  of  sodium  given  in  the  text  and 
arrange  them  in  the  approximate  order  with  respect  to  their  hy* 
drolj^sis  at  equivalent  dihitions.     Give  your  reasons  for  the  order. 

9.  Assuming  two  pieces  of  iron  covered  with  magnetic  oxide  of 
iron,  write  the  reactions  taking  place  before  welding  when  the  white 
hot  metal  is  treated  with  borax. 

10.  Write  all  the  reactions  involved  in  the  preparation  of  potas- 
sium chlorate  by  electrolysis  of  potassium  chloride. 

11.  Recalhng  that  the  decomposition  of  potassium  chlorate 
by  heat  is  an  exothermic  reaction,  explain  in  detail  why  rapid  heat- 
ing or  the  heating  of  large^ masses  may  produce  explosive  decompo- 
sition. 

12*   Give  detailed  explanation  of  decrepitation. 

13.  Explain  in  detail  why  the  failure  of  ammonium  chloride 
to  show  a  specific  gravity  of  about  L8.S  would  tend  to  invalidate 
Avogadro's  hypothesis  were  dissociation  not  probable, 

14.  Why  are  '*  molecular  "  compounds  not  assigned  structural 
formulsB?  Write  a  formula  for  hydrated  copper  sulfate,  CuSO^  • 
SHjO,  assuming  a  valency  of  four  for  oxygen  where  nec€6sary» 
and  give  any  reasons  available  for  the  formula  written, 

15.  Using  the  mass  action  laws  (p.  136),  explain  why  ammonium 
hydrosulfide  would  be  more  stable  in  an  atmosphere  of  ammonia 
than  in  air. 

16.  In  preparing  neutral  ammonium  sulfide  why  divide  the 
quantity  of  ammonium  hydroxide  solution  into  two  parts?  Why 
is  ammonium  carbonate  not  formed  in  solution? 

17.  Given  alunite,  K(A10)3{S0i)i  *  3H|0,  how  would  you  ex- 
pect  to  prepare  potassium  chloride  from  it? 

IS.  Write  all  the  equations  involved  in  the  separation  of  the 
alkali  metals  from  each  other  as  described  on  p,  421. 


The  members  of  this  sub-group,  copper,  eilver  and  gold, 
present  bot  few  features  in  common  with  sub-group  A.  They 
have  many  properties  resembling  those  of  the  group  VI 11  triads. 
The  free  elements  are  very  inactive  and  hence  are  not  readily 
tarnished  in  air.  They  are  all  univalent  and  the  univalent  com- 
pounds are  of  similar  character.  They  may  also  manifest  higher 
valency.  The  valence  of  copper  is  two  in  its  commoner  salts. 
Gold  salts  show  a  valence  of  three  for  the  metal.  A  few  compounds 
of  silver  have  been  prepared  in  which  it  is  apparently  either  biva- 
lent or  trivalent.  By  strong  contrast  with  the  alkali  metals  the 
hydroxides  are  insoluble,  unstable,  and  markedly  less  basic.  It  is 
an  unfortunate  weakness  of  the  periodic  classification  that  it  does 
not  anticipate  such  marked  differences  in  properties.  It  also 
fails  to  point  out  the  general  similarity  of  properties  of  the  com- 
pounds of  copper  with  those  of  mercury. 
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^  Occurrence,  —  Copper  occurs  in  a  very  large  variety  of  forms. 
It  is  native  in  several  locahties  and  native  copper  is  occasionally 
found  in  large  masses.  The  sulfide  ores  are  numerous;  the  most 
important  are  chalcocite,  Cu29,  chalcopyrite,  CuFeSj,  and  bomitet 
CuJ'eSi.  Both  oxides  are  ores;  cuprite,  or  ruby  copper,  CujO,  and 
melaconite^  CuO.  The  basic  carbonates^  azurite,  Cui(OH)2(eOs)t, 
and  malachite,  Cu2(0H)jC0j,  are  important  ore^^.  The  element 
also  occurs  in  traces  in  the  feathers  of  certain  birds.  In  the  blood 
of  the  cuttlefish  copper  is  said  to  play  the  part  iron  plays  in 
the  bkxxl  of  mammals. 

BUtory,  —  Copper  was  known  in  prehistoric  times,  as  the  re- 
mains of  prehistoric  man  show.  This  is  but  natural  since  native 
copper  requires  no  smelting  operation  to  prepare  it  and  copper  is 
readily  worked  into  useful  forms.    The  "  bronze  age,"  also  pre- 
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historic,  indicates  that  tin  and  also  alloys  of  both  metals  were  1 
in  very  early  times.  The  metals  and  their  alloys  were  known 
both  the  early  Greeks  and  to  the  Hebrews,  The  alchemistic 
ejTnbol  for  copper  was  9 »  which  was  also  the  astrological  symbol 
for  the  planet  VenuB,  Since  copper  is  readily  precipitated  from 
eolations  of  its  salts  by  iron,  the  alchemists  regarded  its  precipita- 
tion from  blue  vitriol  solutions  as  an  evidence  of  transmutation  of 
metals.  The  real  character  of  this  interchange  was  first  recognized 
by  Boyle  in  1661.  The  name  seems  to  be  derived  as  follows: 
To  the  Romans  all  kinds  of  bronze  and  copper  were  known  as  acs. 
The  pure  metal  obtained  from  Cyprus  was  called  aes  cyprium, 
hence,  came  the  term  cuprum  and  the  symbol  Cu  and  the  angli- 
cised form,  copper.  In  prehistoric  times  copper  was  evidently  the 
metal  most  generally  useful  to  man.  It  was  utilized  for  the  prepa- 
ration of  tools,  weapons  and  ornaments.  With  the  introduction 
of  iron  its  relative  importance  decreased.  In  recent  years  the  value 
of  copper  as  an  adjunct  to  electrical  development  has  given  it 
increased  importance.  The  Great  War  has  revealed  its  tremen*] 
dous  value  in  modern  warfare.  It  is  now  second  only  to  iron  in| 
metallurgical  importance. 

Preparation,  —  The  processes  used  for  winning  copper  from  ii 
ores  have  varied  greatly  at  diflferent  periods  and  at  the  present 
varied  according  to  the  type  of  ores  employed  and  by  local  condi- 
tions at  the  point  of  manufacture.  Only  a  bare  outhne  of  the  more 
important  processes  can  be  given  here.  Ores  carrying  the  native 
metal  are  ground  to  a  fine  powder  and  the  gangue  is  washed  away 
just  as  in  the  concentration  of  gold  or  other  heavy  metals  or  ores. 
The  metal  is  then  fused  with  a  suitable  fluxing  material  and  the 
pure,  or  nearly  pure,  metal  is  drawn  off  in  molten  form.  If  car- 
bonates and  oxides  are  the  ores  employed  the  same  general  plan  is 
followed  except  that  coal  or  coke  is  used  as  a  reducing  agenL 
In  case  the  ore  is  a  sulfide  the  operation  is  more  complex  not  onljri 
because  of  the  presence  of  the  sulfur^  but  because  ordinarily  enough 
gold  and  silver  are  present  to  render  their  extraction  profitable. 
Arsenic,  antimony,  and  other  elements  are  also  common  impurities 
of  the  sulfide  ores.  The  sulfide  ores  are  usually  concentrated  UBtilj 
the  copper  content  reaches  14  per  cent.  The  concentrates  ai 
then  roasted  until  the  sulfide  is  converted  to  the  oxide.  The  8ul 
fur  dioxide  so  produced  is  often  utilized  for  the  manufaetuiB  ol, 
sulfuric  acid.     The  roasted  ore  is  mixed  with  a  quantity  of  raw  oi 
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other  sulfides*  This  mixture  is  then  smelted  in  a  low  blast 
furnace  along  with  enough  fluxing  material,  limestone,  and  silica, 
to  convert  the  gangue  into  a  fusible  slag*  The  oxide  and  sulfide 
ores  react  with  each  other  to  produce  a  mass  of  molten  material 
which  is  known  as  copper  **  matte."  The  reactions  may  be  roughly 
indicated  by  the  equations: 

2CuO  +  CuS  -*  3Cu  +  SOi, 

4CuO  -h  FeSa  —  2CujS  +  Fe  +  2SO2. 

The  "matte"  contains  copper^  cuprous  sulfide,  some  iron  and  iron 

sulfide,  besides  any  gold  or  silver  present  in  the  ores.     It  usually 

contains  from  45  to  75  per  cent  copper.     The  molten  matte  is 

run  into  a  converter  (see  Fig.  97)  so  arranged  that  air  can  be 

blown  through  the  molten  mass.     The  ii'on,  sulfur, 

and  other  elements  present  are  converted  to  oxides. 

The  volatile  oxides  are  of  course  volatilized.     The 

iron  oxide  forms  a  fusible  slag  with  the  silica  of  the 

furnace  lining,  or  with  added  siUca.     The  air  bljist 

is  stopped  before  appreciable  quantities  of  copper 

are  oxidized.     The  molten  mass  is  drawn  from  the 

furnace  and  cooled.     In  cooling,  the  air  and  other  gases  occluded 

by  the  molten  copper  arc  given  off  and  as  the  copper  surface  ia  ' 

rough,  the  cooled  mi\sB  is  hence  known  as  **  blister  "  copper.    The. 

blister  copper  is  purified  by  one  of  the  following  methods: 

(a)  The  copper  is  melted  and  stirred  with  poles  of  green  wood 
which  reduce  any  oxide  present  to  metallic  copper.  When  the 
operation  is  finished,  the  copper  is  cast  in  molds  of  any  desired  form. 
This  is  known  as  "  poled  "  copper. 

(fc)  If  very  piu^  copper  is  to  be  made  either  poled  copper  or 
blister  copper  castings  may  be  dissolved  and  re-deposited  by 
electrolysis.  This  is  accomplished  by  hanging  casting?  of  the  copper  , 
ID  a  bath  of  copper  sulfate  solution  which  is  acidified  with  sulfuric 
acid.  These  are  made  the  anode  of  an  electric  circuit.  The  cath- 
ode consists  of  very  thin  sheets  of  pure  copper.  The  current  used 
is  of  very  low  voltage,  but  of  very  great  density,  i,e.,  high  am- 
perage. In  some  cases  a  bath  of  ferric  chloride  and  salt  solution 
is  used  instead  of  copper  sulfate.  The  copper  is  deposited  in  very 
puie  form,  the  impurities  being  deposited  as  a  sludge  or  ^'anode 
mud  "  at  the  foot  of  the  anodes  or  remain  in  solution  since  the  cur- 
rent strength  employed  is  less  than  the  decomposition  potential  of 
the  salts  (</.  Chap,  XXVII).    The  attempt  has  been  made  to  ufle 
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the  electrolj^c  method  upon  copper  matte  and  even  upon 
ores  but,  ao  far  as  known  to  the  author,  with  unsatisfactory  resulll 
The  copper  secured  by  the, electrolytic  process  is  99.8  per  cent  [ 
This  high  degree  of  purity  is  required  when  the  copj>er  is  to  I 
used  for  electrical  purposes  since  very  small  amounts  of  fcMpl 
materials  lower  the  conductivity  of  copper  very  markedly. 

Properties, — Copper,  free  from  tarnish,  b  a  beautiful  tm 
pink  but  soon  acquires  the  familiar  copper  color  on  exposure  ta 
air.  By  transmitted  hght  the  color  is  green.  Copper  melt5  it 
1083**.  This  is  low  compared  with  the  melting  point  of  iron»i 
fact  which  partially  explains  the  early  use  of  copper  in  metallurgy^ 
A  very  interesting  property  of  copper  is  its  brittleness  at  or  near  M 
melting  point,  while  it  remains  malleable  and  ductile  at  low^  tco- 
peratures,  even  at  the  temperature  of  liquid  air*  The  speaii 
gravity  varies  somewhat  with  variation  in  the  method  of  worloDf 
the  copper,  but  is  very  close  to  8.8.  It  is  one  of  the  best  of  con* 
ductors  of  both  heat  and  electricity.  The  ratio  of  the  conductivity 
of  copper  to  that  of  gold  and  silver  is  63  :  45  :  67.  If  the  item  oE 
cost  be  considered  it  is  the  best  conductor  for  electrical  purpoM. 
In  ordinary  air  copper  is  oxidized  only  very  superficially^  but 
moist  air  a  green  basic  carbonate  is  formed.  This  is  frequeni 
called  *'  verdigris,''  though  the  true  verdigris  is  a  basic  acetate 
copper*  Copper  does  not  react  with  water  or  acids  to  dis] 
hydrogen,  nor  does  it  displace  metals  above  hydrogen  in  the 
tromotive  series  from  solutions  of  their  salts.  Oxidising 
readily  attack  it  and  the  oxide  formed  is  bamc,  i.e.,  it  reac^  _ 
the  acids  and  forms  salts.  Sulfur  also  reacts  readily  with  cop] 
especially  at  higher  temperature*  If  acids,  even  weak  acids^ 
air  are  simultaneously  in  contact  with  copper  the  oxide  foi 
reacts  mth  the  acid  to  form  salts.  Since  all  soluble  copper^ 
are  very  poisonous^  this  fact  has  an  important  bearing  upon 
of  copper  in  culinary  utensils.  The  most  valuable  property 
copper,  aside  from  its  conductivity,  is  the  readiness  with  whii 
it  forms  alloys  (rwfe  infra).  The  atomic  weight  of  the  elemi 
is  63.57  as  determined  by  analysis  of  its  oxides  and  other  coi 
pounds.  This  figure  also  agrees  well  with  that  derived  froi 
specific  hes.t  which  is  0.0956.  It  also  corresponds  to  the  vaji 
tained  from  the  molecular  weight  of  its  volatile  compoun 
from  its  isomorphism  with  silver  and  gold  salts.  It  has  two  equi^ 
alent  weights  which  indicate  a  valence  of  one  or  two  according 


GROUP  1— SUB-GROUP  B  427 

auditions.  It  is  one  of  the  six  metals  which  readily  form  addition 
>duct6,  as  an  ion,  with  ammonia.     The  monovalent  series  of 

Its  are  very  similar  to  those  of  silver,  though  less  stable  and  less 
sily  formed.     The  divalent  series  are  more  analogous  to  those  of 

ivalent  mercury,  iron,  cobalt  and  nickel. 

Uses^  —  Because  of  its  inactivity  with  water,  acids,  and  steam, 

electromotive  series)  it  is  used  in  a  great  variety  of  utensils, 

Bpecially  in  manufacturing  industries  such  as  that  of  be€r;   as  a 

jvering  for  houses,  ship  bottoms,  etc.     It  is  also  used  in  making 

flat€s  in  printing,  engraving^  etc.,  especially  in  electrot3rping.     Its 

in  manifold  ways  in  electrical  work  is  apparent  to  even  the 

lost  casual  observer.     The  alloys  are  very  numerous  and  usefuL 

>n  the  whole,  it  is  more  generally  used  than  any  other  metal  save 

3n, 

Atloys,  —  No  other  metal  is  so  extensively  used  in  the  form  of 

alloys  as  is  copper,  nor  is  there  in  any  other  case  such  a  bewildering 

variety*     A  partial  list  only  will  be  attempted.     Copper  coins 

are  usually  alloyed  with  3  per  cent  tin  and  2  per  cent  zinc.     Gold 

and  silver  coins  contain  10  per  cent  copper.     Nickel  coins  contain 

75  per  cent  copper  and  25  per  cent  nickel.     Brass,  age  old  in  use, 

is  of  somewhat  varied  composition.     It  is  essentially  |  copper  and 

J  zinc,  but  also  frequently  contains  tin  and  lead.     Gunmetal,  bell 

metal  and  bronze  are  essentially  copper  and  tin  though  bronze 

usually   contains   some   zinc   and    frequently   also   lead.     Bronze 

is  used  in  the  making  of  statues,  coins,  ornaments,  and  instru- 

^^nents.     Before  the  age  of  steel  it  was  used  for  weapons  and,  es- 

Hbecially,  in  castings.     German  silver  contains  copper,   zinc  and 

^Rickel  in  varying  proportions,  about  57  per  cent,  19  per  cent,  24 

Pq;ier  cent,  respectively.     Manganese  alloys  are  used  for  a  variety  of 

I     purposes,  among  them  the  manufacture  of  ship  propellers.     Man- 

'      ganese  bronze  contains  up  to  30  per  cent  manganese  and  the  residue 

18  mainly  copper.     Telephone  and  telegraph  wires  are  frequently 

made  of  silicon  bronze,  which  is  essentially  copper  hardened  and 

increased  in  tensile  strength  by  small  quantities  of  tin  and  silicon. 

Aluminium  bronzes  are  of  varying  color  and  composition,  that 

containing  95  per  cent  copper  being  very  strong  and  light.     It  is 

used  in  yacht  construction. 
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CofnpouniU*  —  Halides  of  Copper.     Cuprous  chloride  is  formed 
by  digestion  of  cupric  chloride  with  hydrogen  chloride  in  presence 
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metallic  copper.     It  is  soluble  in  concentrated  acid,  but  if  the  soli- 
tion  is  poured  into  water  a  white  precipitate  of  the  cuprous  sail  is 
formed.     Like  all  other  copper  salts  the  chloride  unites  readily j 
ammonia  to  form  a  complex  ion,  the  compouQds  of  whii 
Boluble  in  water.    The  cuprous  salt  unites  readily   with  carbon 
monoxide    to   form    the   compound    cuprous   carbonyl    chloride, 
CuCOCl,  which  is  soluble  and  hajs  not  been  isolated.     This  reaetioe 
is  extensively  used  in  gas  analysis  for  estimation  of  carbon  mon- 
oxide.    Cuprous  chloride  in  solution  is  hydrolyzed  by  boiling  water 
to  cuprous  oxide,  CuaO,  and  is  affected  by  light  as  is  silver  chloride. 
In  the  air,  if  moist,  or  in  solution  it  oxidizes  to  the  oxychloride, 
which  is  green  in  color.     The  solution  in  hydrochloric  acid  is  prob- 
ably a  double  chloride,  HCuCV     The  complex  ion  with  ammooii 
is  apparently  Cu(NH3)i.     Cupric  chloride,  CuClj,  is  the  product 
the  direct  action  of  chlorine  upon  copper  and  consequently  of  9ff 
regia  upon  copper.     The  salt  crystallizes  from  solution  to  form  i 
blue  salt,  CuC^SHaO.     The  dry  salt  is  yellow.     The  salt  crystal* 
lizGS  rather  readily  as  a  double  chloride  with  the  alkali  chlorictej 
There  are  two  bromides  and  two  iodides  of  copper.     The  cupri< 
iodide  is  unstable  and  breaks  down  spontaneously    to   cuproi 
iodide  and  iodine. 

Oxides  of  Copper.  —  Both  oxides  of  copper  are  readily  prt-^ 
pared.  The  lower  oxide  is  red  in  color  and  is  formed  by  geotk 
oxidation  of  the  metal  or  by  precipitation  from  cuprous  silti 
by  bases.  The  corresponding  hydroxide  is  yellow  and  is  unstable. 
It  is  temporarily  formed  in  the  determination  of  glucose  l>y 
Fehling's  solution  (see  any  physiological  chemistry  text).  The  cu- 
prous oxide  is  unstable  in  air,  oxidizing  more  or  less  completely 
to  the  **  ic  "  form.  Cupric  oxide  is  the  final  oxidation  product  of 
copper  by  heating  in  air,  or  is  formed  by  heating  the  carbonate, 
nitrate  or  hydroxide.  The  latter  dehydrates  in  the  presence 
water  at  100°  and  the  action  is  not  appreciably  reversibl 
The  oxide  is  at  room  temperature  somewhat  hygroscopic,  bi 
does  not  give  a  basic  reaction  to  water  in  which  it  is  suspended 
The  oxide  is  readily  reduced  to  metallic  copper,  apparently  without 
stopping  at  the  **  ous  "  stage.  It  is  therefore  very  useful  in  quan- 
titative determination  of  carbon  and  hydrogen  in  organic  com* 
I  pounds.  Copper  hydroxide,  like  aluminium,  zinc,  cobalt,  and 
nickel  hydroxides,  is  not  precipitated  by  bases  in  the  presence 
of  many  organic  compounds,  especially  those  containing  ''alcoholic 
hydroxyl"   (see   Chapter  XX).    The  explanation  which  is  moBt 
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bable  is  that  the  copper  ion  replaces  the  hydrogen  of  the  hy- 
ixyl  group  and  thus  copper  ions  as  such  do  not  exist  in  the 
ilution.  This  reaction  is  the  basis  of  reactions  involved  in  the 
ilution  of  cellulose  in  copper  ammonia  hydroxide  solutions, 
lu(NHs)4(OH)2,  and  of  the  formation  of  Fehling's  solution*  The 
,tter  is  a  solution  of  copper  sulfate,  Rochelle  salts  (q,v.)  and 
taasium  hydroxide.  It  is  much  used  in  the  estimation  of  glucose 
lutions,  especially  diabetic  urine,  since,  when  reduced  to  the 
prous  condition,  the  copper  hydroxide  is  no  longer  held  in  so- 
tion  by  the  tartrate. 
Copper  Carbonate,  CuCOa,  is  not  as  yet  obtained  but,  by 
ctions  which  might  be  expected  t^  produce  it,  basic  carbonates 
e  formed*  Two  of  these  occur  as  minerals,  as  already  men- 
loned.  Precipitation  reactions  produce  the  substance  having  the 
mposition  of  malachite^  Cu(OH)jCOj.  This  is  the  green  mate- 
al  which  so  frequently  stains  the  rocks  where  sulfide  ores  outcrop. 
Copper  Sulfate-  —  This  is  one  of  the  longest  known  and  most 
portant  of  the  copper  salts.  It  is  formed  in  nature  in  copper 
es  by  the  dripping  of  water  over  the  sulfides  and  was  collected 
id  used  by  both  the  Greeks  and  Romans  in  medicine  and  in 
yeing  operations.  It  was  known  to  the  Arabian  alchemists 
under  the  name  of  vitriol  and  the  name  is  carried  over  to  include 
a  class  of  substances  such  as  white  vitriol,  crystallized  zinc  sulfate, 
green  vitriol,  crystallized  ferrous  sulfate,  etc.  It  is  readily  pre- 
pared by  heating  copper  sulfide  in  the  air  and  treating  the  mix- 
ture of  copper  sulfate  and  oxide  so  produced  with  sulfuric  acid. 
It  crystallizes  from  water  as  the  pent^hydrate.  known  as  blue 
vitriol  or  bluestone.  From  hot  concentrated  sulfuric  acid  it  may 
be  crystallized  in  white  needlesi.  If  copper  sulfate  solutions 
are  crystallized  along  with  the  other  vitriols,  the  heptahydrate. 
k^uSOi  •  7HiO,  is  formed,  which  is  isomorphous  with  them.  The 
^Balt  readily  forms  double  sulfates  with  the  alkali  sulfates.  These 
[double  salts  are  analogous  to  the  alums  (q.v.)  though  not  iso- 
^^orpbous  with  them.  Copper  sulfate  finds  at  the  present  time 
|B  wide  range  of  uses  in  manufacturing  other  compounds  of  copper; 
^in  copper  plating;  in  calico  printing;  in  batteries;  as  a  mordant  in 
dyeing;  and  especially  as  a  germicide  and  fungicide  in  horti- 
culture. 

Other  Campounds  of  Copper.  — The  acetate  of  copper,  formed 
hy  the  reaction  between  vinegar,  aii,  and  copper,  is  the  basic 
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salt,  known  as  verdigris,  and  is  used  t^  8ome  extent  sls  a  pignKit 
The  mixed  basic  acetate  and  arsenite  is  known  as  Paris  gM 
and  is  used  as  a  vermicide  on  plants.  The  arsenit-e,  knowo  if 
Scheele's  green,  was  formerly  much  used  in  wall  paper  and  otk 
similar  manufactures,  but  the  poisonous  nature  of  the  ms^tmi 
has  forced  a  discontinuance  of  the  practice. 

The  ferrocyanide  of  copper,  CuiFe(CN)i,  finds  use*  not  ofljf 
in  the  detection  of  the  element,  but  in  the  preparation  of  oemottf 
membranes.  The  borate  and  phosphate  are  used  in  beads  Id 
the  detection  of  copper,  the  cuprous  beads  being  red  and  the  cuprie 
blue.  The  silicate  of  copper  in  the  *'  ous  "  condition  is  ruby  rd 
and  is  used  for  coloring  glass. 

SHiVEB 

Occurrence,  —  Silver  occurs  native,  sometimes  in  large  miflM 

but  usually  in  small  particles  disseminated  through  a  rocky 
matrix.  Native  silver  is  also  usually  alloyed  with  gold  or  with 
copper.  Native  copper  and  gold  usually  carry  some  silver.  Silver 
also  frequently  occurs  as  the  sulfide  and  is  usually  associated 
with  galena,  lead  sulfide.  The  latter  is  at  present  the  chief  souros 
of  the  silver  produced.  Smaller  amounts  of  other  argentifero^tf 
compounds  also  occur,  such  as  pjrrargyrite,  AgaSbSj.  Horn  silffff 
or  silver  chloride,  is  sometimes  found  in  sufficiently  large  quaD* 
tities  to  serve  as  a  source  of  the  metal. 

History,  —  Silver  has  been  known  from  the  most  ancient  timea 
Job  referred  to  silver  and  its  use  as  money  and  for  omameots 
(Job  3:  15;  22:  25;  27:  16,17).  The  names  used  for  it  by  both 
Hebrews  and  Greeks  refer  to  its  color  and  luster,  and  the  alchemista 
referred  to  it  by  the  term  luaa  (the  moon)  and  repreeented  it 
by  the  crescent  moon. 

Preparation.  —  The  earliest  method  of  prepMtttion  of  siliner 
from  ores  was  apparently  the  cupellation  process  in  which  th« 
silver  was  reduced  along  with  lead,  and  the  lead  driven  off  by 
oxidation  and  subsequent  volatilization  (mentioned  by  Solomon^ 
Prov,  17:  3;  27:  21)*  Various  processes  and  modifications  have 
been  used  at  various  times  but  at  present  three  methods  are  chiefly 
employed. 

The  Cyanide  Process. — The  ore  is  crushed  to  a  fine 
t.€.,  *'  stamped/'  and  treated  with  a  solution  of  sodium  or  potai- 
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cyanide.  The  double  cyanide  of  silver,  KAg(CN)f,  is  formed 
and  dissolves.  The  reaction  may  be  indicated:  Ag»S  +  4KCN 
qF±  KAg(CN)j  +  KfS.  Since  this  action  is  reversible  the  change 
in  the  direction  — >  may  be  facilitated  by  removal  of  the  potassium 
Ifide  which  is  oxidized  by  free  access  of  air.  When  a  sufficiently 
>ncentrated  solution  is  obtained,  the  silver  may  be  recovered  by 
cipitation  by  means  of  zinc. 

The  Amalgamation  Process  (The  Patio  Process). —  This  for- 

lerly  much  used  method  consisted  essentially  in  converting  the 

Iver  in  the  ores  to  a  chloride  by  means  of  sodium  chloride  and 

living  the  chloride  in  strong  salt  solution.     From  this  the 

;r  is   precipitated   by  treatment  with   mercury,  or  mercury 

^ntaining  a  little  sodium  amalgam.     The  silver  amalgam  is  col- 

£St©d  by  washing,  the  excess  mercury  filtered  off  through  canvas 

and  the  silver  recovered   from   the   amalgam   by  distiUa- 

The  Smelting  Process*  —  This  is  perhaps  the  most  extensively 
Bd  process.     The  ores,  which  usually  are  mixed  copper,  lead  and 
iver  ores,  are  heated  with  coke  in  low  blast  furnacea.     The  r©» 
luced  silver  alloys  readily  with  lead  and  the  alloy  is  drawn  off 
[)m  the  bottom  of  the  furnace  and  cajst  in  molds.     The  lead 
*pigs"  so  formed  are  then  desilvered  by  one  of  several  processes. 
If  these  the  more  extensively  used  are  Pattinson's  process  and 
?arke*s  process.     The  former  consists  of  melting  the  lead  pigs 
ad  allowing  them  to  slowly  cool.     The  lead  crystallizes  out  in 
practically  the  pure  state,  just  as  ice  from  saline  solutions^  until 
tie  percentage  of  silver  rises  to  2^  per  cent,  which  mixture  is  a 
p'eutectic"  melting  at  303**  C.     (See  Chap.  XIII,  p.  253.)     In 
iractice  the  pure  lead  crystals  are  only  removed  until  a  residue 
insisting  of  1  per  cent  silver  is  obtained.     This  residue  is  then 
cupeledp*'  i.e.,  the  mass  is  heated  in  a  slow  current  of  air  until 
khe  lead  is   converted   into  the   oxide  and  volatilized.     Parke's 
irocess  consists  in  extracting  the  silver  from  the  molten  lead  with 
inc.     Zinc  not  only  alloys  very  readily  with  silver  but  the  alloy 
specifiGally  lighter  than  lead  so  that  it  floats.     It  solidifies  also 
[&ore  readily  than  the  lead  so  that  as  the  molten  mass  is  allowed 
f  oool  a  crust  of  zinc-silver  (and  gold,  if  present)  alloy  separates  as 
crust  which  may  be  skimmed  off.     The  more  valuable  metals 
obtained  by  volatilizing  the  zinc.     Of  course,  the  lead  dissolves 
lewhat  also  in  zinc,  but  the  amount  is  small  and  is  separated 
jm  the  silver  by  cupeOation. 
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Properties,  —  Pare  silver  is  white  and  very  lustrous  if  in  kr^( 
masses.     In  finely  divided  condition,  like  most  metals,  it  is  gr^fj 
to  black.     Its  specific  gravity  is  10.55.     It  is  extremely  mall 
and  ductile  and  hence  capable  of  forming  very  thin  sheets  and  ti 
fine  wire.     It  melts  at  960*  C.  and  boils  at  about  2050*^.     It  m] 
then  be  distilled  by  use  ol  a  blast  lamp  or  by  an  electric  f 
Molten  silver  occludes  about  22  times  its  own  volume  of  o: 
which  it  again  gives  off  on  cooling.     This  is  the  cause  of  the  crater 
like  eruptions  which  appear  when  molten  silver  cools.     As  a  con- 
ductor  of  heat  and  electricity,  silver  takes  a  first  place  among  tl 
metals.     If  it  be  prepared  in  extremely  finely  divided  eonditii 
by  sparking  silver  electrodes  under  water,  or  by  reduction  of  silvi 
nitrate  by  ferrous  citrate  or  other  reducing  agents,  it  may  be 
obtained  in  colloidal  suspension  in  various  colored  forms,    (i 
colloidal  solutions.) 

Silver  takes  its  place  near  the  bottom  of  the  electrochemical 
series  and  is  classed  as  one  of  the  so-called  **  noble  metaJs/*    It  i5 
therefore  unacted  upon  by  acids  which  act  only  as  such.     It  dis- 
places only  gold,  platinum  and  palladium  from  their  salts  and  is 
readily  deposited  by  electric  current  of  low  E.  M.  P,     (See  Elec- 
tromotive Series.)     Air,  moist  or  dry,  has  no  effect  on  silver,  but 
it  unites  readily  with  sulfur,  hence  silver  utensils  are  readily  tar- 
nished by  contact  with  perspiration  or  decaying  albuminous  or 
other  bodies  containing  sulfur.     Silver  dissolves  readily  in  nitric 
acid,  owing  to  the  oxidizing  effect  of  the  acid  (vide  nitric  add) 
and  silver  nitrate  is  formed.     The  solution  becomes  greenish  ia^ 
color  if  cold,  owing  to  the  presence  of  nitrous  anhydride.     Thifl 
observation  should  be  kept  in  mind  since  such  coloration  ia  some- 
times taken  to  indicate  the  presence  of  copper,  which  is  so  (re-j 
quently  alloyed  with  silver.     (See  Alloys  of  Silver.)     Silver  reaci 
readily  with  the  halogens,  as  well  as  with  sulfur,  and  hence 
heated  halogen  acids  or  hydrogen  sulfide,  the  latter  even  in  sol 
tion,  are  added  to  silver  the  corresponding  salts  are  formed.     Tl 
hydroxide  of  silver  shows  no  tendency  toward  amphoterism.    8i 
ver  vessels  are  therefore  available  for  use  with  alkalies.     Silv< 
ions  show,  in  common  with  a  few  other  elements,  a  peculiar  rela 
tion  to  ammonia,  being  capable  of  direct  union  to  form  complex 
ions  of  the  formula  Ag^(NH3)i. 

The  atomic  weight  of  silver,  deduced  from  the  analysis  of  iti^ 
halogen  salts,  is  107.88,  and  this  is  in  accord  with  the  value  derived^ 
from  the  specific  heat  of  silver,  which  is  0.05625,     The  element  is 
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tnivalent  in  almost  all  of  its  compounds.  The  salts  are  always 
gpresented  by  the  simple  formula,  though,  at  least  in  organic 
[jlvents,  polymerization  undoubtedly  takes  place. 

Uses.  —  Silver  is  a  rather  soft  metal,  and  to  increase  its  hardness 

is  alloyed  with  copper  when  used  for  coinage  or  other  similar 
pufposes*  The  degree  of  "  fineness "  is  expressed  in  parts  per 
1000,  American  coin  silver  is  900  fine.  British  coin  silver  is  925, 
Silver  ornaments  and  tableware  are  80O  or  more.  If  silver  con- 
taining copper  is  heated  in  the  air,  the  copper  is  oxidized  and  may 
len  be  dissolved  by  acids,  leaving  the  "  frosted  "  silver  effect, 
[The  so-called  oxidized  silver  is  produced  by  treating  the  surface 
of  the  silver  with  potassium  acid  sulfide,  which  produces  a  film  of 
eilver  sulfide.  Silver  is  used  in  making  various  compounds^  which 
find  more  or  less  extended  application  in  the  arts.  (Vide  infra.) 
Silver  is  used  for  making  high-grade  mirrors,  being  deposited  on 
glass  (an  invention  dating  back  to  1300),  from  silver  nitrate  by 
glucose  or  other  good  reducing  agent. 

Alloys, ^Silver  is  also  used  in  a  number  of  alloys,  the  most 
important  being  coin  silver,  as  described  above.  Silver  amalgam 
is,  of  course,  important,  since  it«  preparation  makes  possible  one 
of  the  methods  of  preparation  of  silver.  The  amalgam,  together 
with  tin,  is  used  in  filling   teeth*     Hard  solder  is  made,  using 


J 


I      zinc,  copper  and  silver  in  the  ratio  4:2:5.  ■ 

^P       Compounds.     The  halides.  —  The  chloride,  bromide  and  iodide     1 
'      of  silver  are  readily  formed  by  precipitation  of  soluble  silver  salts 
with  the  soluble  halides.     Their  insolubility  is  very  great  and  in-    ^ 
creases  in  the  order  named  above.     The  solubility  of  AgCl  is  about    ■ 
1 ,6  mg,  per  liter  and  of  the  iodide  about  0.06  mg.     Silver  chloride 
and  bromide  will  therefore  be  converted  to  the  iodide  by  standing 
in  a  solution  of  a  soluble  iodide.     This  is  an   interesting   case 
showing  how  relative  solubilities  affect  reactions^  especially  since     h 
chlorine  and  bromine  will  displace  iodine  from  its  salts.  fl 

Silver   chloride   dissolves   in    aqueous   solutions   of   ammonia, 
forming   the   complex   salts,  Ag(NHt)iCl.     Though    the   dry  salt 
absorbs  ammonia  apparently   with   the  formation   of  two  com-     ■ 
pounds    Ag(NHj)3Cl    and    (AgCOiSNH^,    the   bromide   does   not     " 
appear  to  form  a  similar  compound,  though  the  iodide  does  form 
2AgI '  NHi;  however,  the  bromide  dissolves  in  ammonia  solutions, 
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while  the  iodide  does  not.  Extremely  remarkable  is  the  fn 
that  silver  fluoride  is  a  very  soluble  and  deliquescent  salt.  Tbi\ 
halides  of  silver  readily  form  double  salts  with  the  alkali  halid 
and  these  double  salts  are  soluble  (see  Remsen's  theory),  Dou 
salt^  are  also  formed  when  silver  halides  are  treated  with 
cyanides  or  sodium  thiosuifate.  From  the  solution  of  the 
crystals  of  the  composition  NaiAgtS^Oi  may  be  obtained, 
halides  of  silver  when  exposed  to  light  suffer  a  change^  which^l 
while  not  perfectly  marked,  appears  to  be  a  decomposition  mWJ 
a  lower  halide.  In  the  case  of  the  chloride  the  ivhite  substanoi 
first  becomes  pink,  then  gradually  darkens  to  black.  Similtf 
color  changes  are  not  observed  with  the  bromide  and  the  iodide. 
These  interesting  reactions  of  silver  salts  make  possible  the  fun- 
damental operations  of  photography  and  also  aid  in  electroplating 
with  silver  (vide  infra). 

Hydroxides  and  Oxides.  —  When  silver  salt  solutions  are  treated 
with  hydroxides,  a  brown  precipitate  is  formed  which  when  dry  hB8 
the  composition  AgjO*  The  double  decomposition  should  give  an 
hydroxide,  but  it  appears  to  be  unstable  and  t-o  bre-ak  down  into_ 
the  oxide  and  water.  The  aqueous  solution  doubtless  cont^ns  th 
base,  since  it  is  distinctly  alkaline  and  may  be,  and  frequently  ii 
used  as  a  base.     We  are  then  dealing  with  the  reversible  system, 

2AgOH  i^  AgjO  +  HsO, 

ti 
AgjO  (solid) 

in  which  the  major  portion  of  the  material  is  in  the  form  of  the 
solid  oxide.  This  case  illustrates  very  well  the  variation  in  the 
stability  of  the  series  of  metallic  hydroxides  in  which  one  finds 
at  one  extreme  substances  Uke  silver  and  mercury  of  which  only 
oxides  exist  in  the  dry  form,  and^  at  the  other,  substances  Uke 
sodium  and  potassium  hydroxides  stable  even  at  a  red  heat. 

Silver  oxide  is  soluble  in  ammonia,  forming  a  base  comparable 
in  strength  with  potassium  hydroxide.  This  is  Ag(NHa)tOH. 
When  a  solution  of  this  substance  evaporates  to  crystallization, 
black  crystals  of  **  fulminating  silver  **  are  formed.  It  is  ex- 
tremely explosive  when  dry.  Its  composition  is  not  certainly^ 
known  but  it  is  supposed  to  be  silver  nitride,  AgsN, 

Silver  peroxide  is  formed  by  the  action  of  ozone  on  silver 
by  the  electrolysis  of  silver  nitrate  with  strong  currenta, 
it  appears  on  the  anode  in  the  form  of  black  crystals. 
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rystals  may  be  silver  pernitrate,  but,  if  so,  the  latter  decomposes, 

|i\^ng  the  peroxide.     Silver  peroxide  is  not  very  stable  and  with 

rater  decomposes  slowly,  forming  hydrogen  peroxide.     It  probably 

iias  the  constitution  Ag— 0  — 0  — Ag,  i.e.,  is  a  true  peroxide.     The 

ib^oxide,  Ag-iO,  sometimes  hsted,  is  of  uncertain  existence. 

Silver  Nitrate,  — The  most  important  salt  of  silver  is  silver 

itrate,  AgNOi.     It  forms  colorless  rhombic  crystals  which  melt 

ithout  decompofiition  at  218*'  C.     It   is  frequently  melted   and 

st  in  slender  sticks,  when  it  is  known  as  lunar  caustic  and  used 

an  escharotic  in  medicine.     The  dry  salt  is  not  changed  by 

^ght,  but  if  a  solution  in  contitct  with  reducing  agents,  such  as 

loth,  etc.,  is  allowed  to  evaporate  in  the  light  a  black  silver  deposit 

formed.     It  is  consequently  used  in  indelible  inks. 

Other  Salts  of  Siltmr.  —  Of  the  numerous  other  salts  of  silver 
^hich  find  use  for  special  purposes  may  be  mentioned:  Silver 
nitrite,  AgN02,  used  for  preparing  standard  nitrite  solutions; 
the  carbonatet  AgaCOs,  which  is  formed  by  double  decomposition 
either  in  solution  or  by  fusion  when  silver  salt«  are  treated  with 
carbonates  and  which  in  turn  if  heated,  changes  to  the  oxide  and 
then  to  metallic  silver.  SOver  sulfate^  AgaSO^,  is  but  slightly 
soluble  in  water  and  finds  certain  minor  uses  for  this  reason. 
Silver  sulfide,  AgjS,  is  formed  either  by  precipitation  with  soluble 
sulfides  or  by  direct  union.  The  various  silver  salts  of  phosphoric, 
arsenic,  and  chromic  acids  are  useful  in  analytical  work. 


Gold 


^™  Occurrence*  —  Gold  occura  in  small  quantities  in  m&ny  ores,  part  iciil£yly 
r  in  the  sulfide  oree  of  copper,  araenic,  antimony,  etc.,  and  in  iron  pyritee.  Sylvan- 
itot  AuCAg)Tev,  is  found  in  aome  localities.  It  in  usually  native  either  in  a  matrix 
of  quart!  or  in  fine  grains,  or  large  pieces,  or  nuggets,  in  alluvial  formations. 
Native  gold  is  seldom  fine,  being  alloyed  with  silver,  or  other  metak.  It  occura 
in  minute  quantities  in  sea  water  (about  i  gram  per  ton  or  one  part  in  ten  million ), 
and  Its  extraction  from  this  source  has  not  proved  profitable  except  to  t^rtain 
disboQfist  promotena.  The  diatribution  of  gold  is  tremendous,  it  being  found  in 
practically  all  parts  of  the  world.  It  is  usually  in  such  minute  quantities  that 
its  extraction  is  not  profitable.  Even  in  those  places  where  "  pay  streaks  *'  ara 
fo<und,  the  quantity  per  ton  of  sand  or  rock  is  usually  small. 

History*  —  The  use  of  gold  for  ornaments  and  as  a  medium  of  exchange  gpes 
back  to  prehistoric  tunes.     It  is  mentioned  in  the  earliest  of  human  writings  and 


I 
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ifl  mentioDed  with  appreciation  by  Job  (28:  1;  31:  24).     It  was  eveti 

by  the  Hebrews  as  one  of  the  attractive  features  of  the  Gardan  of  Eden  I 

2:  1,  2),    The  idchemistic  symbol  for  gold  waa     AhT    ^  same  aa  the  : 

lofpcal  symbol  for  the  sun.     The  tranfimutation  of  bajse  metals  into  gold  ' 
chief  aim  of  the  alchejniate  and  their  work  with  this  object  in  view 
many  fact-e  hiter  incorporated  into  systematic  chemistry.     Other  tbfta  ] 
connectioQ  the  chemistry  of  gold  has  not  played  any  important  r6Ie. 

Preparation >  —The  winning  of  gold  from  the  alluvial  depoaita  is 
placer-mining  and  i^  usiially  accomplished  hy  a  washing  process  which  depeoll 
upon  the  fac-l  that  its  specific  gravity,  19.3,  is  so  much  in  exeesa  of  that  of  thaote 
factors  of  the  deposit.  This  washing  may  be  done  in  a  **  pan/*  '*  cradle,**  or 
"  sluice  box."  In  each  case  the  sand  is  agitated  with  water  until  the  gold  «ttlB 
to  the  bottom  and  the  lighter  materials  are  floated  off.  In  many  cases  merctnif 
is  placed  in  the  sluice  boxes  to  collect^  by  amalgamation^  the  fine  particles  oipM 
dust.  In  cases  where  large  scale  operatioiifl  are  possible  the  sand  and  grave)  iff 
washed  into  the  sluice  boxes  by  streams  of  water  under  high  preaeure.  Tbii  it 
known  as  hydraulic  mining.  In  case  the  gold  is  in  veins  of  quarta  rock,  the  iwk 
is  crushed  to  a  fine  powder  by  means  of  heavy  "  stamp  '*  milk  and  the  goU 
collected  by  one  of  the  following  procesaea: 

(A)  The  Amalgamation  Process  is  the  oldest  prooees  and  oonaista  oflaoiitUif 
in  washing  the  powdered  ore,  as  a  "  slime  '*  with  water,  over  copper  plates  amil- 
gamated  with  mercury.  The  gold  particles  are  retained  by  the  platea  and  tnm 
time  to  time  the  plates  are  scraped  and  the  mercury  distilled.  The  gold  remftim 
in  the  retorts.  This  process  is  now  seldom  used,  since  a  very  considerable  portJOft 
of  the  gold  escapes  into  the  "  tailings." 

(B)  The  Chlodnation  Procesa  can  be  used,  not  only  on  quarti  ores,  but  alio 
on  sul^de  ores  which  have  been  roasted.  The  powdered  ores  are  agitated  wiik 
water  in  the  presence  of  chlorine  gas  until  the  gold  has  been  converted  into  the  solu- 
ble chloride,  AuCl*.  The  solution  is  drawn  off  and  treated  with  ferrous  sulfate 
3FeS04  +  AuCIt-^Fei(S04)i  H-  PoClj  +  Au,  or  with  hydrogen  sulfide.  Id  the 
latter  case  the  gold  is  obtained  by  roasting  the  precipitated  sulfide. 

(C)  The  most  important  process  is  known  aa  the  Cyanide  PTOcess*  IT* 
powdered  ore  is  leached  by  a  dilute  solution  of  a  cyanide.  Sodium  cyanide  ■ 
now  usually  employed.  The  process  is  facilitated  by  the  presence  of  oxjrgCD* 
The  reaction  is  probably  represented  by  the  foMowing  equation: 

4Au  +  SNaCN  +  2HsO  +  0,-»^4NaAu(CN),  +  4NaOH. 

From  this  solution  the  gold  may  be  obtained  by  electrolysis  or  by  pred] 
by  means  of  2inc  shavings  or  by  iron. 

This  process,  devised  in  1886,  has  had  very  important  political  restUtSj 
its  use  rendered  the  vast  deposits  of  low-grade  ore  in  the  Transvaal  immi 
valuable,  and  consequently  led  to  development  by  the  English.     This  sitir 
ultiumtdy  led  to  the  Boer  war  aad  the  formation  of  the  United  Statet 
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Irica,    This  confederstion  in  Uwa  is  no  mean  factor  in  the  great  war  in  progreaB 

ben  this  waa  written. 
Gold  is  also  obtained  by  many  Bmelting  processes  aa  previously  indicated 
»  preparation  of  copper  and  silver).     However  o}>tained,  it  is  seldom  free  from 

ver  or  base  metala,  and  must  be  refined*    This  may  be  accomplished  by  one 

[two  methods: 

(A)  The  cupellation  process  is  the  oldest,  probably,  of  metallurgical  prooeasee 
her  than  those  involved  in  working  copper  and  iron.     In  any  case  it  antedates 

ct  historical  knowledge.      Gold  is  Dielt«d  with  lead 

[  enough  silver  to  make  the  silver-gpld  ratio  in  the 

ilting  mass  at  least  3  to  L     The  lead  solotion  is 

en  **  cupeled  '*  by  roasting  in  a  furnace  in  a  shallow 

me  ash  crucible,  called  a  cupel.     (See  Fig.  98.)     The 

18  oxidi:&ed  and  a  part  of    it^  with    other   base 

Dials,  volatilisBes  and  the  remainder  is  absorbed  by 

cupel.     The  gold  and  silver  are  then  parted  by 

Ebtment  with  nitric  or  sulfuric  acid  (**  qiiartation  '*). 
be  silver  is  dissolved  but  the  gold  remains  unat tacked.  ^^°'  ^*^ 

I  brownish  residue  is  then  fused  and  cast  into  the  familiar  gpld  bars  to  be 
en  at  aasay  oflSces  or  in  the  mint. 

(B)  The  modem  process  of  re&ning  la  by  means  of  electrolysis.    The  crude 
M  is  made  the  annde.    Tlie  electrolyte  is  gold  chloride,  the  cathode,  a  sheet 

^  pure  gold.    The  silver  deposits  oa  a  silver  chloride  *'  anode  mud.** 

Properties^  —  Gold  is  a  pure  yellow,  but  its  color  is  modified  by  alloyed 
impurities  so  that  gold  from  different  **  diggings  ^'  can  be  frequently  identified  by 
its  color.  It  is  the  most  malleable  and  ductile  of  the  metals.  It  is  very  soft  and 
hence  is  seldom  used  in  the  pure  form,  since  it  is  materially  hardene<l  by  the 
addition  of  copper  or  other  metal.  The  value  of  the  article«  made  from  it  depend 
chiefly  on  their  gold  content  which  is  expressed  either  as  *'  fineness,"  or  in  carats. 
Thus  a  sample  1000  fine  is  pure  gold.  One  900  fine  is  90  per  cent  gold.  Twenty- 
four  carat  (see  p.  321)  gold  is  pure  gold;  fourteen  carat  is  H  gpld,  American 
gold  coin.s  arc  21.6  carat. 

Gold  has  a  melting  point  of  1064"  which  is  lowered  by  alloying  (s?ee  p.  253). 
Its  specific  gravity  i*!  19.32  and  since  this  h  greater  than  most  metals  with  which 
it  may  bo  alloyedi  sophistication  of  gold  may  be  detected  by  specific  gravity 
measurement  (see  p.  76).  Gold  may  be  obtained  in  finely  divided  colloidal 
condition  (see  p*  373),  by  precipitation  of  its  chloride  by  reducing  agents,  in 
faintly  alkaline  solutions.  In  this  condition  it  b  of  a  ruby-red  color.  Finely 
divided  gold  may  also  be  formed  by  precipitating  gold  chloride  with  a  very  dilute 
mixture  of  stannic  and  stannous  chloridea.  This  precipitate  is  known  as  Purple 
of  CmsaittS*  Very  thin  sheets  of  gold  are  purple  by  transmitted  light  and  molten 
gold  is  green. 

Gold  ocdudeB  both  hydrogen  and  oxygen  to  some  extent,  and  also  carbon 
oioncudde.    Like  ailvefp  gold  ia  not  affected  by  oxygen  at  any  temperature  an<t 
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hence  these  were  called  "noble "  met-als by  the  Bichemiiita,  in  contr&ftt  with  '* 
metals  like  xitiCp  iron,  and  tin,  which  formed  **  calces"  or  oxideii  when  he&ted. 
use  of  the  tenn  has  been  extended  to  cover  the  other  metals  of  like  behavior 
alao  to  describe  the  ar^on  family  of  gasea.     (See  Chapter  XV.)     TTji 
are  alao  electro-negative  in  solutiaas  of  their  aalta  and  henoe  high  poeitive  di 
f>otential  (eee  Chapter  XXVIII)  is  an  indication  of  inactivity  towiinl 
(See  aleo  passive  iron,  Chapter  XXXV,)     Gold  shows  do  amphoteric 
and  hence  is  not  alTeried  by  fused  alkalies.     It  reacts  readily  with  the 
directly  to  form  the  trichloride  and  hence  is  dissolved  by  aqua  rc^ia*    (8ie|^ 
287.)     Its  tendency  to  form  double  salts  is  illustrated  by  the  cyanide 
Its  atomic  weight  is  197,2  as  a  mean  of  the  results  obtained  by  ranous  t 
of  determination.     Its  molecular  weight  is  apparently  the  aame  aa  its 
weight, 

Vaea,  — The  properties  of  gold  as  just  outlined,  rend^  it  extremely  xaid, 
not  only  as  a  standard  value  as  a  medium  of  exchange,  but  in  many  other 
Gold  f^nn  m  called  "  at'crling  "  when  it  conforms  to  the  specificationa  of  the  Brttxk 
mint  and  contains  91.66  per  cent  gold,  or  is  22  carat.  This  waa  until  1915  pm^ 
tieally  the  world's  measure  of  value^  but  under  the  strain  of  the  great  war  tbe 
standard  value  IxKjame  the  American  dollar^  which  is  2L6  carat  or  90  per 
gold.  In  the  preparation  of  utensils  such  as  **  plate/'  or  tableware,  gold  slSoi* 
as  low  as  9  carat  may  be  used.  In  the  manufacture  of  jewelry  the  stasdai^ 
alloys  are  18  and  14  carat.  Gold  is  very  extensively  used  to  plate  cheap  jew^ij 
and  preserve  fine  inHtruments  from  corrosion.  It  is  also  used  for  "  toning **!■ 
photographic  processes.  For  all  these  manifold  uses  and  also  to  serve  in 
gold  reserves  as  a  basis  for  paper  currency  the  supply  may  be  coneidered  Itxnitsi 
Tbe  world's  production  in  19 1 4  was  about  680  tons.  The  chief  aouroea  of  iupf4y 
are  the  United  States  of  America,  including  Alaska^  and  the  United  SUirn^ 
South  Africa. 

CU^mpoundsM  —  There  are  three  chlorine  compounds  containing  goki 
auric  chloride,  AuCU,  chloraurio  acid,  HAuClit  and  aurous  chloride,  AuCl.  TT* 
chlorauric  acid  crystallines  in  yellow  deliciuescent  cryatab,  from  aqua  reigk  SQ^ 
tions^  with  four  molecules  of  water.  It  is  the  sodium  salt  of  this  acid,  NaAtiQfc 
which  is  used  in  photography  in  "  toning  "  solutions.  If  the  acid  is  heated  geotlf 
red  auric  chloride  is  formed.  The  salt  is  readily  hydrolysed  by  water  to  fori 
complex  crystals  of  oxy chloride.  By  heating  to  180"  the  aurous  chloride^  white 
and  insoluble  in  water,  is  formed.  It  is  decomposed  by  water,  gold  and  aunc 
chloride  being  formed.  By  heating  the  chloride  to  higher  temperature  gold  ■ 
formed.  The  use  of  bichloride  of  gold  in  the  widely-advertised  cure  for  di^ 
mania  seems  to  have  been  fictitious,  though  there  is  apparently  a  gold  salt  i 
chlorauric  acid,  AuAuCli  or  AuCli, 


Other  Compounds,  —  When  auric  chloride  is  treated  with  oa 
hes  an  hydroxide,  Au(OHjft,  is  formed.    It  is  weakly  acid  in  ohiur; 
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rzooRA  of  base  diasolvea  to  form  the  ealt  of  the  meta-ftcid  KAuOi.  There  are 
;wo  unstable  oxidea,  AUiOi  and  AutO.  Gold  ludt  soluiionH  when  treated  with 
unmonta,  precipitate  "  fulminating  gold,"  probably  AuNjHj  •  3HtO.  The  double 
lyanideB  of  gold  are  produced  when  gold  is  treats  with  an  ejcceas  of  potassium 
^yanide^  e.j?.,  KAu(GN)4,  This  is  the  compound  usually  employed  for  electro- 
>l«ting  with  gold.  There  are  apparently  two  sulfides  of  gold,  AuiS  and  AusSa, 
x>th  somewhat  soluble  in  ammonium  sulfide. 


General  Froperties  of  Sub'group  B.  —  The  relationship  betwMn 

iie  elements  may  be  sumjiiarijEed  by  means  of  a  table  as  foUows; 


OHipv,  Ca. 


Silver,  Ac 


Gold*  Au. 


^.toroic  weight 

Specific  gravity 

atomic  volume , 

Melting  point 

[Conductivity  at  0*  for  1  cc.  in 

reciprocal  ohms 

Tensile  strength  per  sq.  mm.  in 

kilograms , , , , . 

i^alence , , , , 

Jolubility  of  chlorides,  grams  ( 

per  100  cc.  sol ut ion  f 

k»lubiiity  of  sulfide , J 


63  6 
89a 
7  07 
1082,6" 

63  4X10* 

10,000-13,000 
I  and  II 

CuCt  L5  at  2.5° 
CuClt4L4atO* 
Cu,S4.04xlO-» 

at  18  ** 
CuS  3,36X10-* 

at  18* 


107.88 

10.51 

10  51 
960  0* 

664X10* 

6000-43000 
I 

AgCl  1.8X10"* 
at  23^ 

1.37  X 10-' 
at  18^ 


197  2 

19  27 

10  11 

1062  4* 

44.5X10* 

7000-9000 
I  and  III 
Very  sol- 
uble 


Analytical  Relations*  —  The  three  metals  do  not  fonn  an 
tnalytical  group  since  silver  forms  a  chloride  which  is  so  insoluble 
ihat  for  practical  purposes  it  is  completely  precipitated  with  Group 
[  (p.  396).  The  sulfide  of  copper  is  insoluble  in  dilute  acids  and 
;herefore  appears  in  Group  IL  This  is  also  true  of  the  sulfide  of 
gold  though  the  latter,  because  of  its  amphoteric  nature,  is  soluble 
n  ammonium  sulfide  solutions*  Gold  is,  however,  seldom  sought 
>y  wet  methods  since  in  the  traces  in  which  it  is  ordinarily  found 
t  is  more  readily  collected  by  the  methods  of  fire  assaying  (^.r.). 

ExercineB*  —  L  Make  a  list  of  the  properties  of  silver,  copper 
md  gold  which  relate  them  to  the  alkali  metals*  and  also  of  those 
)ropertie3  which  are  not  presented  by  the  alkalies, 

2.  How  much  copper  per  hour  is  deposited  from  a  solution  of 
jopper  sulfate  where  the  cathode  surface  is  100  sq,  cm.  and  the 
surrent  density  per.  sq.  cm.  is  100  rhilliamperes?  How  much  if 
iie  cuprous  ion  were  to  be  deposited  under  the  same  condition!? 
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3.  Write    structural    formulae   representing   basic    c&rbonai 
nitrates  and  acetates  of  copper.     The  structural  formula  erf 
cheUe   salts   is   KOOC^CHOH-CHOH-COONa,       Write 
probable  formula  of  the  copper  salt  in  Fehling^s  solution  (p.  42f») 

4.  Write  the  equations  for  the  reactions  between   potasai 
cyanide  and  (a)  copper  sulfatep  (fc)  silver  nitrate,  (c)  gold  cWoi 
showing  the  fonnation  of  the  double  salts. 

5.  Why  are  the  sulfate  of  copper  and  silver  and  the 
of  gold  acid  in  solution? 

6.  Copper  and  silver  dissolve  in  nitric  acid  but  not  in  bydnn 
chloric  acid.     Explain  by  means  of  equations, 

7.  Why  will  silver  chloride  dissolve  in  a  solution  of  ferric  difc 
ride? 

8.  When  hydrogen  is  passed  over  hot  copper  oxide  what  hap- 
pens? How  may  this  be  used  to  determine  the  atomic  weight  dl 
copper?  What  is  needed  to  give  assurance  that  the  value  obtaiixd 
is  the  true  atomic  weight? 

9.  If  you  were  presented  with  a  silver  copper  alloy  and  r^ 
quested  to  prepare  a  solution  of  pure  copper  sulfate,  what  would 
your  procedure? 

10.  What  are  the  products  of  reaction  between  copper  and  con** 
ceotrated  sulfuric  acid?     Why  is  hydrogen  not  produced? 

IL  Wliat  reactions  occur  when  ammonium  hydroxide  is  addfd 
to  copper  sulfate?     Formulate  them, 

12.  If  a  mixture  of  copper  aud  cupric  oxide  weighing  5  grains  is 
heated  in  a  stream  of  hydrogen  until  it  is  completely  reduced  to 
copper  and  the  residue  weighs  4.5  grams^  what  perceota^  ot  tbft 
original  material  is  copper? 
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In  preceding  chapters  we  have  eocountered  nomeroiis  instances 
rhere  light  is  prodoced  by  chemical  action  (mde  pp.  3G»  297,  350^ 
tie.)*  We  have  also  encountered  numerous  instances  of  chemical 
ranges  produced  by  light  (mde  pp.  119,  332).  It  is  now  neceesaxy 
summarize  these  relations  and  present  some  of  the  more  impor- 
int  applications.  It  is  necessary  also  to  present  some  general  ideaa 
)ncerning  light  energy.  This  is  essentially  a  topic  belonging  to 
Hire  physics,  so  that  an  outline  only  will  be  presented  and  for 
details  the  student  is  referred  to  text-books  dealing  with  physics. 
Radiant  Energy.  —  There  appears  to  exist  a  form  of  energy, 
radiant  energy^  which  travels  through  empty  space  with  a  velocity 
of  300,000  kilometers  per  second.  Whatever  may  ultimately  be 
concluded  as  to  the  nature  of  this  energy  (mde  electron  theory), 
the  conventional  view  is  that  it  is  propagated  by  transverse  waves 
through  **  empty "  space.  (This  being  difficult  to  conceive, 
physicists  have  imagined  an  all-pervading  substance,  "  ether," 
by  means  of  which  it  is  imagined  this  form  of  energy  is  transported.) 
In  terms  of  the  ether  hypothesis  radiant  energy  appears  to  be  of 
varying  wave  lengths  which  are  capable  of  experimental  measure- 
ment, and  which  vary  from  0.1  micron  to  a  maximum  as  yet  not 
determined*  (A  micron  =  0,001  of  a  millimeter.  Frequently 
wave  lengths  are  expressed  in  **  Angstrdm  "  units  where  lOOOO 
A.  -  1000  fifi  (railliraicrons)  =  1  ^  (micron)  =  0.001  mm.) 
Wave  lengths  from  0.4  /i  to  0.76  ^  are  capable  of  affecting  the  ordi- 
nary eye  and  producing  the  sensation  of  light.  Wave  lengths 
greater  than  0.76  and  less  than  300  /i  are  known  as  heat  waves 
and  waves  from  2000  jw  and  upwards  (wireless  waves)  are  called 
electricity.  White  light  appears  to  consist  of  wave  lengths  of  great 
variety  and  when  these  strike  a  material  surface  they  may  be  either 
reflected,  wholly  or  partially,  or  converted  into  hejit,  wholly  or 
partially,  or  they  may  pass  through  the  matter,  which  then  is  said 
to  be  transparent  (or  at  least  translucent). 
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The  Spectntni. — When  light  enters  a  transparent  medium  it] 

is  deflected  from  the  straight  line  of  its  ordinary  progression  to 

a  degree  which  depends  upon: 
first,  the  angle  of  incidence  of  J 
the  light;  second,  the  character 
of  the  medium;  and^  third,  upon  ] 
the  wave  length  of  the  incident 
light.  Other  factors  being  tbe 
^  same,  the  longer  the  wave  of 
light  the  less  is  its  course  do* 
Pij,  gg  fleeted  and  consequently  when 

white  light  is  allowed   to  pass 
through  a  glass  prism  (see  Fig.  99),  it  is  '*  dispersed  **  into  a  band 
of  light  w^hich  varies  in  color  from  red  through  orange,  yellow, 
green,  blue,  indigo,  to  violet.     This  band  of  colored  Ught  is  known 
as  a  spectrum  and  may  be  secured  by  other  means  than  a  prism, 
e,0.f  the  Rowland  grating  and   the  Echelon   device   of   Michelson 
(consult  physics  texts).      By  means  of  instruments  more  sensitive 
than  the  eye  it  has  been  shown  that  sunhght  consists  not  only  of 
light  waves  proper  but  of  shorter  waves  (0.1  to  0*4^)  known  as 
the  **  ultra  violet "  portion 
of  the  spectrum,  and  also 
of   longer   waves    (0,76  to 
30m)  known  as  the  "infra 
red  "  portion.    Any  instru- 
ment  by  means  of   w^hich 
this  spectrum  may  be  ex* 
amined  is  called  a  spectrcK 
scope.      While  Isaac  New- 
ton   (1675)    demonstrated 
the  formation  of  the  spectrum  when  white  light  is  passed  through] 
a  prism,  it  was  not  until  1860  that  Kirchhoff  and  Bunsen  devised! 
an  instrument  which  proved  of  service  to  the  chemist  (see  Fig.| 
100).     Since  1860  many  varieties  of  instruments  have  been  devised] 
and  the  study  of  various  kinds  of  spectra  has  revealed  to  phyai- 
cista,  astronomers,  and  chemists  much  of  interest  and  value.     Some 
of  these  appUcations  will  be  discussed  in  subsequent  paragraphs* 

Temperature  and  Light, —  When  any  opaque  solid  or  liquid 
is  heated  sufficiently  it  begins  to  emit  light  waves.  Below  524 **  C. 
the  waves  are  either  too  long  or  are  of  iusufficient  intensity  to  affect 
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the  consciousness.  At  about  525  degrees  the  normal  eye  just 
begins  to  get  the  sensation  of  light  (the  threshold  temperature). 
The  greater  portion  of  the  waves  are  **  red  ''  waves  and  we  describe 
the  body  as  at  a  **  dull  red  **  heat*  As  the  temperature  increases 
the  number  of  shorter  waves  increases  and  the  color  of  the  object 
changes  through  dark  red  (700  degrees),  cherry  red  (800-900 
degrees);  bright  cherry  red  (1000  degrees),  dark  yellow  (1100 
degrees),  bright  yellow  (1200  degrees),  white  hot  (1300  degrees), 
blue  white  (1400  degrees).  The  light  produced  is  but  a  fraction 
of  the  energj^  involved  and  is  to  be  considered  but  a  by-product, 
the  efficiency  ranging  from  0.05  per  cent  in  the  kerosene  lamp  to 
7,2  per  cent  in  the  yellow  arc  light*  It  is  68  per  cent  for  the 
mercury  arc. 

Bright  Line  Spectra,  — Objects  at  white  heat  or  above  when 

examined  by  means  of  a  spectroscope  show  a  continuous  band 
of  light,  the  complete  spectrum.  When  the  substance 
becomes  gaseous,  or  when  gases  are  heated,  the  spec- 
tra produced  are  not  continuous  but  consist  of  a 
greater  or  lesser  number  of  separate  bright  Hnes 
(l>right  line  spectra).  The  color  of  the  gas  will  then 
be  the  resultant  of  the  various  wave  lengths*  Many 
solid  and  liquid  substances  will  volatilize  at  the  tem- 
perature of  the  Bunsen  fiame  and  hence  produce 
flames  colored  according  to  what  elements  are  present 
(vide,  alkali  metals  and  alkaline  earth  metals).  These 
colors  are  frequently  characteristic,  i.e.,  may  be  used 
to  determine  the  presence  of  certain  elements.  When 
gubstancea  are  not  readily  volatilized  by  the  tempera- 
ture of  the  flame,  bright  line  spectra  can  be  obtained 
by  "  sparking  **  the  material  between  suitable  elec- 
trodes and  examining  the  spectrum  so  produced.  By 
means  of  their  spectroscope  Kirchhoff  and  Bunsen 
not  only  demonstrated  that  each  element  in  the  gase- 
ous  state  furnishes  its  own  characteristic  spectrum, 
but  bv  superimposing  a  scale  upon  their  spectra 
showed  the  relative  position  of  the  lines  for  many  of 
the  then  known  elements.  Bunsen  also  immediately 
used  the  instrument  to  detect  the  new  elements  rubidium  and 
caesium  (Thapter  XXIII ).  Since  18G1  the  spectroscope  has  been 
used  to  discover  a  number  of  elements  (see  thallium,  gallium, 
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indium).  It  is  frequently  used  to  determine  the  presence  rf 
given  elements  in  mixtures  and  whether  a  given  subetanoe  b 
really  new  or  not  {see  argon,  helium,  etc).  The  spectroflcopt 
is  therefore  an  efficient  aid  in  analysis,  and  for  the  detection  rf 
small  quantities  of  the  more  readily  volatilized  elementa  smiO 
and  inexpensive  direct  vision  spectroscopes  are  available  (see 
Fig,  101). 

Dark  Line  Spectra*  —  Even  more  fruitful  than  the  constant 

bright  epec'tra  of  elements  was  the  further  demonstration  of 
Kirchhoff  and  Bunsen  that  when  white  light  passes  through  tbt 
vapor  of  an  element  a  dark  line  appears  in  the  spectrum  where 
the  vapor  of  the  clement  if  itself  incandescent  would  produce  a 
bright  line.  This  phenomenon  had  been  observed  in  1802  by 
Wollaston  and  in  1814  by  Frauenhofer  when  they  found  the  solar 
spectrum  was  crossed  by  numerous  dark  lines  (Frauenhofer a 
lines).  When  these  dark  lines  had  been  mapped  and  their  posi- 
tions compared  with  the  bright  hnes  produced  by  the  incandescent 
gaseous  elements  in  the  laboratory  it  became  possible  to  conclude 
that  in  the  atmosphere  of  the  sun,  as  well  as  in  that  of  other  fixed 
stars,  many  of  the  same  element.^  exist  which  are  found  in  the 
earth.  In  one  case,  that  of  helium,,  its  existence  in  the  soUr 
spectrum  {Janssen,  1868)  was  observed  many  years  before  ita 
discovery  on  the  earth  (1898),  This  use  of  the  spectroscoj 
with  modifications  which  enable  astronomers  to  estimate 
temperature  of  the  stars  and  to  determine  whether  a  star  is  movi 
toward  or  away  from  the  observer  have  made  the  development 
of  astronomy  particularly  rapid  in  the  last  three-quarters  of  a 
centur>\ 

The  use  of  the  spectroscope  is  further  increased  by  the  fact  that 
characteristic  dark  bands  are  also  produced  when  certain  liquids, 
or  sohitions,  are  placed  between  a  source  of  white  light  and  a  spec- 
troscope.  For  example,  a  solution  of  potassium  permangana 
absorbs  the  middle  portion  of  the  spectrum.  Blood  also  has  d 
characteristic  spectrum  and  the  presence  of  certain  substance^. 
notably  carbon  monoxide,  alters  it  considerably.  The  use  of  thi 
spectroscope  in  these  and  other  ways  is  called  spectroscopic  anal 
and  is  of  growing  importance.  A  chart  of  the  spectra  produced  byi 
a  few  substances  is  shown  in  Fig.  102. 

Light   by   Cfiemical   Action,  —  In    the   preceding   disci 
the  light  effects  considered  are  produced  by  heating  substanc 
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luring  chemical  reactiong  of  the  exothermic  type;  therefore  it  is 
difficidt  to  assert  positively  that  the  Ught,  which  so  frequently 
accompanies  chemical  reactions,  is  or  is  not  wholly  of  secondary 
origin.  In  certain  cases,  however,  we  have  light  produced  incident 
upon  chemical  change  where  little  or  no  rise  of  temperature  is  ob- 
served, and  where  it  is  certainly  below  the  ''  threshold  '*  limit  of 
525*. 

Cold  light  may  be  produced  in  the  laboratory.  Angstrom  got 
95  per  cent  efficiency  by  passing  an  electric  current  through  nitro- 
gen at  0<1  mm,  pressure,  (For  the  theory  of  cold  light  see  Ban- 
croft, Sci.  Am,  Sup.,  Vol.  SO,  p,  126,)  Example^s  are  furnished  by 
the  "  cold  light  **  produced  by  the  slow  oxidation  of  phosphorus  and 
of  other  phosphorescent  bodies,  as  discussed  on  p.  297,  In  these 
cases  it  is  difficult  to  avoid  the  conclusion  that  we  have  to  do  with 
the  direct  conversion  of  chemical  energy  to  Ught»  and  since  in 
thermoluminescence  there  is  a  very  small  fraction  of  the  total 
energy  lost  by  the  radiating  body  utilized  as  hght,  it  would  be  a 
very  great  gain  if  **  cold  light  **  could  be  directly  produced.  No 
successful  results  have  as  yet  been  attained,  though  the  topic 
is  being  zealously  studied. 

There  are  three  other  types  of  light  production  of  special  chemi- 
cal interest.  One  is  known  as  "  tribolyminescence/*  which  term 
is  used  to  describe  the  light  produced  when  certain  substances  are 
disturbed  by  frictional  methods,  but  scarcely  violently  enough  to 
produce  thermoluminescence.  Thus  when  crystals  of  uranium 
nitrate,  sugar  and  many  other  substances  are  crushed,  light  is 
produced.  Again,  many  substances  when  crystallized  in  the  dark 
produce  flashes  of  light,  not  very  intense  but  distinctly  visible. 
Again,  mention  was  made  on  p.  297  of  substances  which  give  off 
light  for  a  period  after  having  been  subjected  to  the  action  of  in- 
tense hght.  This  is  called  phosphorescence,  but  is  clearly  not  to 
bo  ascribed  to  the  same  cause  as  that  of  decaying  wood  or  animal 
phosphorescence.  It  is  a  property  possessed  by  comparatively 
few  substances  at  ordinary  temperature  but  by  most  substances 
at  very  low  temperatures.  It  is  this  property  which  gives  to  mix- 
tures of  certain  sulfides  their  use  as  luminous  paints.  This 
behavior  is  doubtless  closely  related  to  the  production  of  light 
when  X-rays  or  the  rays  from  radium  fall  upon  certain  sub- 
stances such  as  zinc  sulfide,  calcium  fluoride,  diamonds,  barium 
platinocyanide  and  many  other  substances.  This  last  mode  of 
behavior  is  called  fluorescence  and  may  or  may  not  be  analogous 
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the  behavior  of  certain  liquids  such  as  keroaone  and  other  miflf 
oils,  solytioni*  of  quinine^  etc.,  which  "  fluoresce  *'  iu  the  sunligiitJ 
These  light  phenomena  are  not  readily  explained  in  a  wboll 
aatiaf  actory  maimer. 

Absorption   of  Light   During   Chemical    Change* — Wb«n 
light  acts  on  chemical  substances  it  may  cause  either  a  rise  in  tem- 
perature or  cause  direct  conversion  of  light  energy  into  ch€mic»i 
energy.     The  latter  is  of  course  the  only  real  photoehei         * 
but  it  is  sometimes  difficult  to  properly  aasign  the  pj 
the  results  produced. 

By  far  the  most  important  of  all  such  efifeets  i^  that  of  li? 
upon    plant   growth  (p,  332),     When  carbon  dioxide  and  wata 
are  brought  together  the  only  chemical  reaction  taking 
ordinary  temperatures  is  the  formation  of  a  small   percent 
carbonic  acid.     When,  however,  a  reaction  takes  place  in  plan 
cells  under  the  influence  of  sunlight  in  the  presence  of  ehloropii)! 
the   reaction    which    takes   place    probably   is    COj  +  HjO— »V 
+  CHiO.    The  formaldehyde  so  produced  is  further  metamoni 
phosed  in  plant  processes  to  produce  various  carbohydrates  anij 
their  derivatives.     This  process  takes  place  only  withia  certail 
ranges  of  temperature,  and  sunlight  operates  not  only  as  the  mea 
of  producing  the  favorable  temperature,  but  also  otherwise^  siiU 
plant  growth  will  not  take  place  continuously,  iu  the  dark.     Otilj 
a  very  small  portion  of  the  energy  reaching  the  earth  ia  utilize 
in  this  manner*     It  is  estimated  by  LeChatelier  that  2,100.t 
greater  calories  per  square  meter  per  year  reach  the  earth  and  th 
quantity  of  carbon  in  the  plant  growth  per  year  is,  under  favombl 
conditions,  not  above  100  grams,  which  corresponds  to  about 
greater  calories,  or  less  than  0.04  per  cent  of  the  energy  recei^ 
This  fraction,  small  as  it  is,  serv^es  for  the  maintenance  of  all  ac 
activity  on  the  earth,  together  with  a  large  margin  for  poaterit 
(see  Fossil  Fuels  —  Geological  Texts),  and  for  the  waste  of  deca) 
It  is  a  fascinating  problem  to  seek  both  to  increase  the  percent 
of  sunlight  used  and  to  decrease  the  waste  of  that  already  stored  up? 
These  are  the  great  problems  of  agriculture  and  conservation. 

Photochemical  absorption  is  by  no  means  limited  to  plan 
growth.  Literally  hundreds  of  reactions  have  their  course  dfl 
termined  or  their  rate  influenced  by  sunlight,  and  it  is  prol>ahi( 
that  the  known  hst  would  be  vastly  increased  were  more  reaction 
studied  in  the  dark.     Examples  of  reactions  produced   by  H^ 
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or  modified  by  light  aro;  Tlir  riian^e  oi  yellow  to  red  phiv^iphorus 
(see  p.  299);  the  union  of  hydrogen  and  chlorine  ^p.  123^;  the 
decomposition  of  silver  nitrate  (p.  435);  phosgene  (p.  119\ 
Very  many  organic  reactions  are  influenced  by  light.  The  light 
most  efifective  in  the  production  of  such  chemical  changes  is  that 
which  lies  beyond  the  violet  end  of  the  spectrum,  with  wave 
lengths  less  than  visible  rays,  and  certain  sources  of  light  consist 
either  largely  or  wholly  of  such  radiations.  Examples  are  fur- 
nished by  the  arc  of  incandescent  mercury  (the  mercury  lamp), 
the  flame  of  burning  magnesium,  the  Roentgen  Rays  (X-Rays), 
the  radiation  from  radium  (q.v,),  etc.  These  are  then  usable  for 
the  purpose  of  producing  such  changes. 

Photography.  —  The  most  extensively  utilized  phot-ochemical 
efifects  are  those  which  serve  to  make  permanent  images.  Those 
processes  are  collectively  known  as  photography,  and  depend  on 
a  number  of  physical  and  chemical  relations  only  a  portion  of 
which  have  to  do  with  light.  The  art  is  highly  developed  and  in 
many  cases  has  outstripped  the  ability  of  science  to  give  satis- 
factory explanation.  A  full  discussion  of  the  subject  is  out  of 
place  here  and  the  attempt  will  only  be  made  to  outline  the  rei>- 
resentative  steps. 

The  Negative.  —  When  silver  chloride  is  exposed  to  the  sun- 
light it  changes  in  color  from  white  to  violet  and  ultimately  to 
black.  This  change  of  color  is  accompanied  by  (^volution  of 
chlorine  and  the  colored  mass  is  apparently  a  mixture  of  metallic 

silver  and  silver  chloride,  xAgCl  — ♦  ^/Ag  +  i-wAgCI  +  z(%.  This  re- 
action is  facilitated  by  substances  which  absorb  the  chlorine,  i.e., 
by  reducing  agents  (Chapter  VII).  This  is  illiistTatod  by  tlio  be- 
havior of  silver  nitrate,  which  remains  unchanged,  at  least  visibly, 
in  the  sunlight  when  dry,  but  when  moist  and  in  the  presence 
of  reducing  agents  is  reduced  to  metallic  silver.  Furthennore, 
a  salt  in  which  such  decomrK>sition  is  initiated  by  light  is  more 
rapidly  reduced  by  rerlucing  agents  than  that  not  ho  afT(*f't«'d. 
These  are  the  facts  utiliz«;d  in  the  preparatirfn  of  pliotograjihie 
negatives.  A  "plat*?"  or  ''film"  is  prepared*  by  utukiinr,  a/i 
emulsion  of  silver  uiiniUt  and  gelafmi*.  To  thin  I'rnuJs'.ion  tn  add<'d 
ammonium    brofnide.     The    n'twMnu,     AgNO,   i    .Mljir     ►  Agl4r 

*  For  "  hvoliili^/fi  i4  itm  l/r/  I1«<^'/'  n^w  Ha  An,  H<j(# ,  Vol  HIi,  i»   I'Jf}. 


+  NH4NO8,  produces  a  very  fine-grained  deposit  of  silver  broi 
which  is  more  sensitive  to  light  ihaxi  is  silver  chloride.  Af t-er 
log  out  the  ammoutum  nitrata  the  gelatine  is  dried  either  00  gkss 
plates,  or  on  thin  collodion  films,  or  even  alone.  Before  drying 
these  films  are  allowed  to  stand,  or  *'  ripen,**  until  the  sflirer 
bromide  has  collected  into  somewhat  larger  particles  than  are  at 
first  formed*  These  larger  particles  are  more  readily  affected  by 
light.  The  plates  are  also  "  sensitized  '*  by  exposure  to  iodine 
vapors.  When  the  plates  are  prepared  they  are  "  exposed  "  for 
a  very  brief  time  to  the  action  of  light  in  a  camera.  The  funetioa 
of  the  camera  is  to  focus  upon  the  plate  the  image  of  some  object 
The  eflfect  of  the  light  is  to  initiate  the  change  AgBr  i:±  Ag  +  Br» 
and  the  effect  is  proportional  to  the  intensity  of  the  light  and  the 
time  of  exposure.  After  exposure,  though  no  visible  effect  is  pro* 
duced,  the  plates  will  continue  to  undergo  the  above  change  if 
placed  in  reducing  solutions,  the  more  intensely  illuminated  portions 
being  more  rapidly  reduced.  By  watcliing  the  process  carefully 
a  point  of  maximum  definition  of  the  image  can  be  seen  by  the 
relative  quantities  of  silver  deposited  on  the  film.  (The  silver, 
being  finelj'  divided,  is  black  in  color.)  When  this  point  of  defi- 
nition is  reached  the  development  is  stopped  by  removing  the 
developer  and  dissolving  any  undecomposed  silver  bromide  by 
means  of  a  suitable  solvent.  The  "  negative  '*  then  shows  an 
image  of  the  object  photographed,  in  which  the  lighter  portions 
of  the  object  are  darker  in  the  negative.  The  developers  most 
extensively  used  are  organic  compounds  readily  oxidized  such 
as  pyrogallic  acid,  hydroquinone,  etc.  (see  Organic  Chemistry), 
The  solvent  used  for  the  unchanged  silver  salts  is  almost  exclu- 
sively the  sodium  thiosulfate  (hypo).  An  example  of  the  reac- 
tions involved  in  development  may  be  given  as  follows:  Ferrous 
oxalate,  Fe(C204),  will  readily  be  converted  into  compounds  in 
which  the  iron  is  trivalent.     With  silver  bromide  we  have 


( 


3Fe(Ci04)  +  SAgfir  -♦  FeBr,  H-  Fe,(CiO0»  +  3Ag. 

The  reaction  with  the  tbiosulphate  may  be  represented 
equation: 

AgBr  +  NajSjO,  -»  AgNaSjO.  +  NaBr, 


by 


both  products  of  the  reaction  being  soluble  (see  also  p,  434), 

Printing.  —  In  printing  from  negatives  the  process  is  sioU' 
to  that  already  outlined.    The  negative  is  placed  over  a  film, 
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jr  paper,  seoEitized  by  silver  salts,  and  exposed  to  light*  The 
larker  part^  of  the  negative  protect  the  sensitive  layer  beneath 
From  the  action  of  light  in  proportion  to  their  density.  When 
the  new  film  is  developed  the  original  light  shades  are  obtained, 
[n  printing,  the  same  sensitive  film  as  used  in  the  negative  is  em- 
ployed, or,  since  time  is  usually  not  limited,  as  in  the  photograph- 
ing of  a  live  object,  a  less  sensitive  material,  such  as  silver  chloride, 
naay  be  used  and  the  required  amount  of  silver  may  be  deposited 
by  action  of  light  alone.  The  fixing  of  the  image  is  carried  out 
%B  before.  The  silver  print  is  not  very  stable  and  may  be  made 
more  permanent,  i.e.,  less  affected  by  the  atmosphere,  by  plating 
it  with  gold  or  platinum.  This  operation  is  called  "  toning/' 
rhis  reaction  may  be  indicated: 

W  NaAuCU  +  3Ag  -^  NaCl  +  3AgCl  +  Au. 

The  film  of  gold  not  only  makes  the  print  more  durable  but  adds 
to  its  beauty. 

The  number  of  materials  used  for  the  printing  end  of  photo- 
graphic processes  is  very  great  and  the  **  processes  "  patented, 
secret  and  otherwise,  are  beyond  the  scope  of  our  present  purposes. 
It  should  also  be  emphasized  that  the  above  discussion  is  only  a 
very  meager  outline  of  the  subject.  For  details  of  processes,  meth- 
[kIs,  reactions,  developers  used,  toning  reagents,  color  photography, 
3tc.,  the  student  is  referred  to  Sheppard's  Photochemistry,  An  ex- 
cellent historical  sketch  is  found  in  A.  Brother's  Manual  of  Photog- 
raphy, 


CHAPTER  XXVI 

GROUP  n  — SUB-GROUP  A 

Geoup  II  of  the  periodic  S3r8tem  consists  of  two  fairij  irf ' 
defined  syh-groopa,  sub-group  A  being  made  up  of  the  dementi 
calcium^  strontium^  barium  and  radium,  while  sub-group  B  cofi- 
eists  of  magnesium,  zinc»  cadmium  and  mercury.      The  type  mcci- 
ber  of  the  group,  beryllium,  like  all  the  members  of  the  first  aeriia, 
shows    fairly  marked    divergence  of   properties    from    both  sab*] 
groups.     It  will   be  discussed  in  connection   with   sub-group  & 
As  in  group  I  the  fullest  discussion  will  be  given  the  more  i©*  1 
portant  elements  and  less  full  discussion  of  the  others,  ' 

Calcium 

Occurrence,  —  Calcium  is  fifth  among  the  elements  in  the  order ! 
of  quantity  found  in  the  lithosphere  (p*  5).  It  does  not  occur 
free  as  is  to  be  expected  from  its  properties  {mde  infra).  Its  coflh 
pounds  are  very  widespread  as  well  as  abundant.  The  variety  of 
its  natural  forms  is  also  unusually  great.  The  carbonate^  CaCOi, 
occurs  in  various  forms  as  calcite,  varieties  of  which  are  Iceland 
spar,  dog-tooth  spar,  and  satin  spar,  aU  of  which  are  crystalline 
substances  of  definite  forms;  marble,  which  consists  of  erystalliod 
grains  closely  compacted  in  more  or  less  fine-grained  noasstf; 
limestone,  which  is  a  dull  compact  mass  of  non-crystalline  charac- 
ter; chalk,  a  soft  white  material;  calcareous  marl,  soft  and  mixed 
with  clay.  Besides  these  varieties  there  are  many  of  less  important 
though  still  abundant  forms,  such  as  onyx,  which  is  a  variety  formed 
by  deposition  from  water  and  shows  streaks  and  layers  of  other  , 
material;  stalactites  and  stalagmites,  cavern  deposits;  lithographic  ■ 
Umestone;  hydraulic  limestone,  etc.  There  are  also  enormous^ 
masses  of  dolomite,  CaMg(COs)i,  which  is  also  called  mountain 
limestone.  The  carbonate  also  is  found  in  solution  in  many  water 
supplies  as  the  acid  carbonate,  Ca(HCOi)t,  The  sulfate  is  also 
abundant,  being  found  as  anhydrite,  CaSOi,  in  rock  salt  deposits 
and  elsewhere,  and  as  gypsum,  CaSOi  •  2HsO,  of  which  there  are 
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'mo  chief  varieties,  alabaster  and  selenite.  The  sulfate,  being 
lomewhat  soluble  in  water,  is  frequently  found  in  surface  waters 
[vide  infra).  The  phosphate  also  occurs  in  great  masses  and  chiefly 
n  two  forms,  apatite,  Caa{P04)3CaFi,  and  phosphate  rock,  or 
phosphorite,  which  is  the  more  or  less  pure  phosphate.  The 
Suoride,  CaFa,  is  also  an  abundant  mineraL  It  is  known  as  flu- 
>rite,  also  as  fluorspar.  Calcium  tungstate,  CaWO*,  known  as 
icbeeUte,  is  the  most  abundant  source  of  the  rare  metal  tungsten 
[g.r.).  The  chloride,  CaClj,  is  found  in  many  surface  waters  and 
18  tachydrite,  CaCli  •  MgCU  •  I2H2O,  in  salt  deposits.  Besides 
ihese  mineral  forms  calcium  is  found  either  as  the  chief  metal  or 
IS  a  replacing  metal  in  a  great  variety  of  silicates  (vide  pp.  36&- 
170).  Calcium  compounds  are  also  found  in  a  great  variety  of 
slants  and  hence  some  form  of  r^lcium  salt  is  ^aential  to  soil 
'ertility.  Calcium  phosphate  is  the  chief  mineral  constituent  of 
Jie  bones  of  animals  and  the  carbonate  is,  the  most  important  con- 
lent  of  the  shells  of  many  animals^  and  of  the  shells  of  eggs. 
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History,  —  The  name  calcium  is  derived  from  the  latin  '*calr*' 
[)r  lime  and  the  use  of  the  latter  as  mortar  in  ancient  structures 
indicates  its  great  antiquity  as 
El  building  material  and  of  the 
knowledge  of  the  calcining  of 
lime,  but  it  was  not  until  1755 
that  Black  (see  Alembic  Club 
Reprints,  No.  1)  showed  the  re- 
lation between  quicklime  (CaO) 
and  the  carbonate.  In  1808, 
Davy  made  impure  calcium  and 
in  1898  Moissan  made  pure  cal- 
cium by  reduction  of  the  oxide 
by  sodium* 

Preparatian. — ^Calcium  is  pre- 
pared at  present  by  electrolysis  of 
the  fused  chloride.  The  anode 
is  a  graphite  crucible  and  the 
cathode  an  iron  rod.  The  tem- 
[)erature  of  the  bath  is  regulated  so  that  the  metallic  calcium 
idheres  in  the  solid  form  to  the  rod  and  the  latter  is  withdrawn 
la  faflt  afl  the  formation  of  metal  permitSi  and  thus  a  cylinder  of 
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the  metal  finally  serves  as  the  anode.      This  method 

in  1908  by  Seward  Von  Kugelgen  (see  Fig.  103),  and  renders  1 

Drodoction  of  calcium  fully  as  cheap  as  that  of  sodium* 

Properties.  —  The  metal  is  a  silver  white  lastrous  metal  1% 
specific  gravity  is  1.52.  It  tarnishes  readily  in  the  air  and  dc 
poses  water  at  the  ordinary  temperature,  Hberating  hydrogen, 
also  reacts  with  acids  vigorously.  It  bums  readily  in  air,  for 
the  oxide.  It  also  combines  directly  at  high  temperature  witl 
nitrogen  and  forms  the  nitride^  Ca»Ns.  It  unites  readily  alaointl 
halogens,  with  sulfur,  silicon,  phosphorus,  etc. 

Uses.  —  The  element,  only  recently  obtainable  at 
cost,  finds  but  little  practical  application  as  yet.     It  may  be  i 
to  create  a  ver>^  high  vacuum  in  sealed  tubes,  since  by  heatinp  i 
unites  with  both  nitrogen  and  oxj^gen.     It  may  in  the  future  in 
more  extensive  uses  since  its  properties  are  such  as  to  recomnie&j 
it  for  a  variety  of  purposes  at  present  otherwise  served.    On  thr 
other  hand^  its  compounds,  both  natural  and  artificial,  find  a  i 
variety  of  uses,  but  they  may  for  the  most  part  be  prepared  ( 
out  starting  with  the  metal. 

Compounds,  —  The  hydride,  nitride,  and  phosphide  mayafl 

be  readily  prepared  by  heating  the  metal  with  the  prof)€r  element 
but  the  last-named  is  more  conveniently  prepared  by  pasAai 
phosphorus  vapor  over  red  hot  Ume.  These  compounde  all  tmd 
with  water  as  indicated  by  the  equations: 


CaHt  +  2H2O 
CasNj  +  fiHsO 
CaaPa  +  6H,0 


Ca(OH)j  +  2H,, 
3Ca(0H),  +  2NH,, 
3Ca(0H),  +  2PH,, 


k 


It  may  be  that  eventually  calcium  hydride  will  be  the  most  con- 
venient laboratory  means  of  preparing  small  amounts  of  hydrogen 
BB  the  phosphide  is  now  for  preparing  phosphine. 

Calcium  Haiides«  —  Calcium  fluoride,  CaFi,  fluorspar,  is  mined 
in  large  quantities  and  serves  as  a  flux  in  various  metallurgiaJ 
operations,  where  its  function  is  to  lower  the  temperature  at  which 
the  slags  melt.  It  is  this  application  which  gives  it  the  name 
ifiuor  =  a  flow  and  spar  =  a  mineral).     It  is  used  also  in  thi 
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preparation  of  certain  varieties  of  opaque  glass  and  enamels. 
It  is  the  chief  source  of  fluorine  compounds  and  particularly  of 
hydrofluoric  acid.  It  becomes  tuminous  when  heated,  long  before 
the  "  threshold  "  temperature  is  reached  thus  giving  rise  to  the 
tenn  **  fluorescence "  (Chapter  XXV).  The  salt  is  neariy  in- 
Boluble  in  water  and  hence  is  produced  when  soluble  fluorides 
are  added  to  solutions  of  calcium  salts.  This  behavior  is  very 
remarkable  in  view  of  the  very  great  solubility  of  the  other  halides, 
but  we  must  recognize  that  fluor- 
ides do  not  **  play  the  game  ac- 
cording to  the  ndes,"  as  witness 
also  the  solubility  of  silver  fluoride 
while  the  chloride  is  insoluble* 
We  can  associate  these  peculiar- 
ities in  our  minds  with  the  double 
molecule  of  hydrofluoric  acid, 
HiFi,  though  whether  there  is  real 
connection  or  not  does  not  ap- 
pear certain. 

Calcium  chloride,  CaClt,  is  a 
by-product  in  many  manufactur- 
ing processes  (see  p.  406)  and  since 
it  finds  no  very  large  technical 
applications  it  is  very  cheap. 
By  evaporating  its  solutions  in 
water  large  six-sided  prisms  of  the 
hexahydrate,  CaCIj  •  6HiO,  are 
formed.  These  crystals  are  very 
deliquescent.  They  dissolve  in 
water  with  lowering  of  the  tem- 
perature, and  with  ice  form  a 
euteetic  mixture,  only  at  a  tem- 
perature of  —55**  {vide  p.  257), 
Besides  the  bexahydratet  an  ex- 
amination of  the  solubility  curve  in  the  light  of  the  phase  rule 
(q,v.)  reveals  the  existence  of  a  mono-,  a  di-,  and  two  tetra- 
hydrates  (Pig.  104),  When  we  drive  off  the  water  from  these 
hydrates  by  evaporation  some  hydrolysis  occurs  (c/.  MgCIi)  and 
the  residue  contains  some  oxide.  When^  however,  the  hexa- 
hydrate is  heated  to  200**  it  still  retains  two  molecules  of  '*  water 

crystallization  '*  and  forms  a  porous  white  mass  of  very  low 
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vapor  tension  and  hence  is  very  convenient  as  a  drying 
for  gases.     It  is  extensively   used  for  this   purpose   under 
name   "  granulated    calcium    chloride."     Ail    hydrates    have  i] 
certain   vapor   tension  and   consequently  even  calcium   chlo 
cannot  extract  all  the  moisture  from  a  gaa.     The  most 
agent    for   this    purpose   is    phosphorus  pentoxide,    bee 
•'  hydrate/'    metaphosphoric    acid,    HPOi,    has    no    mt 
vapor    tension.     Moreover,    calcium    chloride    forma    analc 
compounds  with    ammonia,   e.g.,   CaCli-6NH»,   and   hence 
granulated  chloride  may  not  be  used  for  drying  this  g^^. 
chloride   is  frequently  used   also  for   drying   organic    liquids  ii' 
which  it  is  not  soluble,  but  it  should  be  remembered  that  alcohob 
also  form  **  alcoholates  "  with  calcium  chloride,  CaCii  •  GCsH^OH 
{vide  molecular  compounds,  p.  417). 

The  bromide  and  iodide  of  calcium  are  even  more  soluble  in 
water  than  is  the  chloride,  but  otherwise  offer  no  points  of  special 
interest. 

Bleaching  Powder  is  manufactured  by  passing  chlorine  iuto 
large  leaden  chambers  containing  slaked  lime  spread  out  into 
thin  layers.  When  the  lime  is  **  saturated  "  with  chlorine,  lime 
dust  is  blown  into  the  chamber  to  absorb  the  excess  chlorine 
It  is  also  manufactured  by  passing  mechanical  conveyers  in  » 
direction  contrary  to  the  flow  of  a  stream  of  chlorine.  In  this 
method  the  chlorinated  product  comes  out  of  the  chamber  in 
finished  form,  while  fresh  hydroxide  encounters  the  gas  at  it^ 
least  concentration.  This  is  an  admirable  illustration  of  the  h^ 
of  mass  action  applied  industrially.  The  product  is  known  u 
**  chloride  of  lime/'  which  certainly  it  is  not,  and  as  **  bleachiai 
powder"  (vide  p.  191)* 

OMdes   and    Hydroxides.  —  Calcium  oxide,  CaO,    known  as 
**  quicklime/'  "  burnt-lime/*  "  caustic  lime  "  or  simply  **  lime,"  ia 
not  found  free  in  nature  but  may  be  obtained  readily  by  heatinfl 
the  carbonate.     The  substance  has  been  used  technically  since! 
very  ancient  times  and  its  adaptability  to  various  purposes  m 
such  that  it  is  prepared  in  huge  quantities.    The  devices  UB&i^ 
for  the  purpose  are  known  as  lime  kilns.     Formerly  limestone 
was  heaped  up  with  alternate  layers  of  fuel  and  with  suitable 
air  passages.     The  whole  heap  was  then  covered  with  turf  and 
the  fuel  ignited.     When  the  whole  mass  was  heated  thoroughly 
the  air  holes  and  vents  were  closed  and  the  mass  allowed  to  cool 
out  of  contact  with  air.    The  kiln  was  then  opened  and  the  ^^^ 


GROUP  11— SUB-GROUP  A 


455 


K 


jrted  into  various  grades  of  lime,  according  to  degree  of  white- 
less  aod  burning.  This  method  has  been  almost  entirely  sup- 
Hanted  by  the  rontinuoua  kiln  (Fig*  105)  into  which  the  raw 
Imeatone  may  be  fed  and  the  finished  lime  withdrawn  without 

iterruption  of  the  process.     This  process  has  been  very  carefully 

tudied.  It  is  a  reversible  reaction  and  if  the  limestone  is  heated 
a  closed  vessel  an  equihbriuni  results,  CaCOj  ^  CaO  +  COt» 

ith  a  definite  gaseous  pressure  corresponding  to  each  temper- 
ature.    The  following  data  show  the  values  of  this  pressure  at 

le  corresponding  temperature  (Jour.  Amer.  Chem.  Soc.  32,938,) 

Temperature     ... 687*     680^      743*      800'      862'      894'* 

PreaBure  in  mm.  of  mercury. . .    1.0      15.8  60        183        381        716 

;t  will  be  apparent  then  that  so  long  as  the  limc- 
ne  has  a  dissociation  pressure  greater  than  the 
rtial  pressure  of  the  carbon  dioxide  above  it,  it 

ill  continue  to  dissociate.  This  relation  is  analo- 
gs to  the  behavior  of  liquids,  of  hydra tes»  etc*, 
and  according  to  the  phase  rule  (Chap.  XIII)  is  a 
univariant  system  in  which  neither  temperature 
nor  pressure  can  be  altered  without  altering  the 
point  of  equilibrium.  We  have  then  P  (=  3)  + 
F  ( =  1)  =  components  +  2,  The  number  of  com- 
ponents is  apparently  three,  CaO,  CaCO*,  COt, 
but  it  must  be  obscrv'^ed  that  only  two  are  inde- 
pendently variable,  since  for  every  molecule  of 
calcium  oxide  produced  one  of  carbonate  is  de- 
stroyed (cf.  definition  of  component,  Chap.  XIII). 
The   system,   2BaOi  4=^  2BaO  +  Oj,    is   a   similar 

nivariant  system.     (See  p.  30.) 

It  follows  from  the  above  considerations  that  the  burning  of 

me  proceeds  more  rapidly  by  keeping  the  carbon  dioxide  pressure 
low.  This  is  accomplished  by  free  passage  of  air  through  the  kiln. 
The  product  of  the  limekiln  is  a  more  or  less  pure  product  accord- 
ing to  the  purity  of  the  Umestone  '*  burned/'  If  impure  Umestone 
is  used  it  is  burned  at  as  low  a  temperature  as  possible,  since  other- 
wise the  lime  fusas  with  the  clay  present  and  forms  insoluble 
granules  which  interfere  with  the  subsequent  utilization  of  the 
lime.  Lime  made  from  pure  Umestone  is  frequently  called  **  fat 
lime." 

Pure  calcium  oxide  is  a  white  porous  solid  with  a  specific  gravity 
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of  3.3.  When  heated  in  the  oxyhydrogen  flame  it  glows  with  an 
intense  white  light  (the  limelight).  It  can  be  melted  at  190(f 
aod  in  the  electrie  furnace  (temperature  about  3500**)  it  boils  aod 
the  vapor  condenses  in  the  form  of  crystals.  Calcium  oxide  caimo< 
be  reduced  by  carbon  to  the  metallic  form  since  at  the  temperaturf 
required  for  reduction  it  unites  with  carbon  to  form  the  carbid» 
(q^v,).  When  hme  is  treated  with  water  an  exothermic  revers- 
ible reaction  takes  place,  CaO  +  HjO^Ca(OH)i  +  15,500  cal.. 
and  if  but  a  small  excess  of  water  is  added  it  may  be  heated  to 
boiling.  This  process  is  called  "  slaking  *'  of  lime.  This  reactioo 
take-s  place  with  water  vapor  and  hence  lime  may  be  used  for 
drying  gases,  particularly  for  ammonia  (c/,  p*  454),  Also  a5  i 
consequence  Ume  "  air  slakes,"  and  from  the  hydroxide  gradual]; 
reverts  to  the  carbonate,  when  exposed  to  the  air. 

The  uses  of  the  oxide  are  for  the  most  part  dependent  upon 
the  preliminary  conversion  to  the  hydroxide.  This  conversiofi 
may  either  be  carried  out  as  the  utilization  of  the  hydroxide 
takes  place,  as  in  the  preparation  of  mortar,  or  it  may 
done  as  an  independent  operation  and  the  hydroxide  raarkel 
Lime  is  used  as  such  in  many  operations,  as  the  maniifacture 
cement  and  of  carbide,  but  in  such  cases  is  ordinarily  pre] 
as  used. 

Calcium  Peroxide,  CaOa,  can  be  made  by  treatment  of  tl 
hydroxide  with  hydrogen  peroxide  and  subsequent  dehydrati 
at  130**,    It  is  not  made  by  direct  heating  of  the  oxide,  as  is 
case  with  the  peroxides  of  sodium  and  barium. 

Calcium  Hydroxide  is  but  slightly  soluble  in  water^  1.76 
per  hter  at  0^,  and  its  solubility  decreases  with  rise  of  temperati 
being  077  g.  at  100°*     Its  solution  is  strongly  basic,  consideri 
the  concentration,  and  is  known  as  lime  water^  and  is  ext^iai^ 
used  in  medicine,  as  an  "  antacid.*'     Because  of  its  low  cost, 
cium  hydroxide  is  used  very  extensively^  either  dry,  as  in  the  mani 
facture  of  bleaching  powder,  or  as  a  suspension  in  water,  milk  of 
lime,  or  as  a  paste  (the  "  putty  "  of  the  plasterer). 

To  describe  the  modes  of  use  of  the  hydroxide  in  its  various 
applications  would  take  too  much  space  and  the  interested  reader 
is  refen'ed  to  a  special  article  in  The  Mineral  Resources  of  the 
United  States,  Vol.  II,  1915.  The  following  partial  list  will  indicate 
the  scope  of  its  industrial  uses;  In  the  manufacture  of  sand  lime 
brick,  glass,  ceramics,  soda  ash  and  caustic  soda,  bleaching  pawder, 
calcium  carbide,  calcium  cyanamide,  fruit  and  tree  sprays,  sugaf 
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peFi  paints,  glycerine,  lubricants,  candles,  tanmD,  glue,  varnish, 
hite  wash,  etc.,  etc* 

One  inoet  important  utilization  of  slaked  lime  should  be  dis- 

I8sed.      When    it    is    mixed    with    sand    and    water    in    proper 

iroportions  a  thick  plastic  mass,  known  as  mortar,  is  produced* 

?hi8  may  be  used  to  fill  in  the  crevices  between  building  8tx)ne  or 

irick  and  by  its  *'  setting  "  serve  as  a  binder  between  the  separate 

ftgments.     The  mortar  first  loses  the  admixed  water,  by  evapo- 

tion,  and  forins  a  porous  mfiss,  and  gradually  the  carbon  dioxide 

the  air  converts  the  hydroxide  to  the  carbonate*     If  mortar  is 

ade  with  an  admixture  of  hair  or  other  fibrous  material  it  is  sufli- 

iently  coherent  to  be  used  as  "  plaster  "  and  was,  and  still  is,  used 

i  large  volume  for  this  purpose.     Of  recent  years  a  '*wood  pulp 

aster  "is  to  a  large  extent  replacing  it.     (See  plaster  of  Paris*) 

me  idea  of  the  value  of  Ume  and  its  hydroxide  may  be  gained 

we  consider  that  its  annual  production  in  the  United  States  is 

fcout  4,000,000  tons. 

Calcium  Carbonate,  CaCOs,  and  Blcarbonatei  CaCHCO^Oj, — 
he  various  deposits  of  calcium  carbonate  which  are  found  in  nature 
e  of  four  general  types;    crystallized,  as  calcite  and  aragonite, 
^o  foFms  which  are  related  to  each  other  as  are  rhombic  and 
ionoclinic  sulfur.     The  calcite,  in  several  types  of  crystals,  is     ^ 
ixagonal,  has  a  specific  gravity  of  2*70  to  2.75,  and  is  the  stable      I 
rni.     The  rhombic  form  with  a  specific  gravity  of  2.92  to  3.28 
anges  rapidly  at  500"^  to  the  hexagonal  form*     Marble  and  lime- 
jne  are  massive  and  the  former  consists  of  distinctly  crystalline     M 
linute  particles,  probably  formed  by  slow  metamorphosis  of  de-      ™ 
ksits  of  limestone.     The  latter  is  found  in  all  degrees  of  transition 
Dm  the  amorphous  form  to  the  clearly  crystaUine  type.     Chalk, 
jral,  etc.,  are  made  up  of  the  shells  or  other  structures  of  marine 
aimals.     Other  samples  of  organic  origin  are  eggsheUs  and  pearls. 
The  fourth  type  is  the  highly  impure  samples  of  carbonate  asso- 
ciated with  other  mineral  forms  such  as  dolomite  and  marl  (r/. 
occurrence  of  calcium).     The  purest  forms  of  carbonate  are  crys- 
tals known  as  Iceland  spar,  which  is  frequently  used  in  standard- 
ising solutions   (see  quantitative    texts).    Calcium  carbonate  is 
very  insoluble  in  water  (1,3  X  10~*  g*  in   100  cc.  of  solution  at 
16**  C),  and  is  precipitated  from  soluble  calcimn  salta  by  addition 
of  soluble  carbonates  (see  anal3rtical  reactions).     The  solubility  of 
freshly  precipitated  amorphous  carbonate  is  greater  than  that  of      _ 
tiie  crystalline  variety.  ■ 
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When  the  system  CaCOi  ♦=*  CaCOi  is  treated 
eoUd  eolutioQ 

acid  the  readily  soluble  Ca(HCOj)j  is  fonned  and  calcium  csa^ 
bonate  is  dissolved*  Since  ordinary  water  in  contact  with  air 
contains  some  carbonic  acid,  surface  waters  in  limestone  re^ons 
contain  some  of  the  acid  carbonate.  It  is  a  very  unstable  conh 
pound  and  readily  dissociatea  by  escape  of  carbon  dioiide. 
Ca(HCOi),  4=±  CaC04  +  H,CO,  if±  H,0  +  CO,T  [  and  when  w^t^ 
containing  it  is  boiled  the  carbonate  is  precipitated  (see  water 
softening,  Chapter  XXVII).  Underground  waters  frequentlj 
come  in  contact  with  subterranean  sources  of  carbon  dioxide  at 
a  greater  partial  pressure  than  exists  in  the  atmosphere  and  when 
such  waters  come  in  contact  with  limestone  increased  solubility 
occurs.  In  this  manner  are  formed  the  great  limestone  caves  of 
Oregon,  Kentucky,  and  elsewhere.  When  such  water  comes  to 
the  surface  carbon  dioxide  escapes  and  the  hmestone  is  deposited 
again.  This  accounts  for  the  secondary  deposits  of  limestone 
and  of  stalactites  and  stalagmites  in  cavea  (see  Geological  Texts). 

All  carbonates  are  decomposed  by  acids  by  double  decompo- 
sition and  by  reason  of  the  weakness  (p.  175)  and  instability  of 
carbonic  acid  the  reactions  go  readily  to  completion  particulariy 
when  the  salt  fonned  is  soluble.  Mineral  carbonates  are,  howevefp 
less  readily  soluble  than  the  corresponding  freshly  precipitated  salt 
This  fact  is  probably  associated  with  the  greater  insolubility  of 
crystallized  salts,  the  stable  form,  and  the  fact  that  large  crystals 
in  general  have  a  lesser  solution  tension  than  small  ones. 

Calcium  carbonate  6nd3  most  extensive  uses  in  its  various 
forms,  especially  as  building  material  and  for  statuary,  in  the 
form  of  limestone  and  marble^  for  the  manufacture  of  lime,  as 
a  flux  in  metallurgy,  and  for  many  minor  uses,  such  as  for  mill- 
stones, for  interior  decoration  (marble  and  onyx)  and  for  orna- 
ment (pearls).  Great  quantities  are  also  used  for  rectificatioo 
of  acidity  of  soils. 

Calcium  Sulfate,  CaSOi.  —  The  more  important  natural  form 
of  this  salt  is  gypsum,  CaS04  •  2HiO,  which  is  found  in  many 
localities  in  various  forms  ranging  from  the  beautifully  crystalliQe 
plates  of  selenite  to  the  small  amounts  distributed  through  soils. 
Massive  deposits  of  imperfectly  crystalline  strata  are  also  found. 
It  is  mined  on  an  enormous  scale  (upwards  of  2,(XK),000  tons  per 
year  in  the  United  States).  It  is  present  in  most  surface  waterj 
having  permanent  ''hardness/'     Gypsum   is  slightly   soluble  in] 
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Fater  (solubility  0.17  g.  per  100  cc,  at  0*  and  increasing  to  0.21  g. 
It  38°  and  decreasing  again  to  0.174  g.  at  100**)  (see  p.  84).  When 
Seated  to  107**  the  gypsum  loses  water  and  forms  a  white  powder, 
jbSOa  •  IHtOj  called  plaster  of  Paris.  The  same  substance  is 
lormed  at  150**  when  water  and  gypsum  are  heated  under  pressure. 
It  is  therefore  a  constituent  of  "  boiler  scale. '*  The  reaction, 
2CaS0i  •  2HaO  ^  (CaSO*)!  •  HjO  +  3HiO,  is  slow  in  the  reverse 
direction  at  ordinary  temperature  and  hence  the  plaster  of  Paris 
may  be  mixed  with  water  to  form  a  paste  and  then  molded  into 
desired  forms.  When  this  paste  is  made  with  about  one-fourth 
water  and  three-fourths  plaster  by  weight  it  **  sets  "  to  a  white 
porous  mass  with  a  slight  increase  in  volume.  It  is  therefore 
invaluable  for  making  casts,  models,  and  many  sorts  of  decora- 
tive work.  Muted  with  sand  it  is  used  to  make  the  **  hard  finish  " 
of  ordinary  plaster  and  with  wood  fiber  it  is  used  at  present  in 
vast  amounts  to  form  "  wood  fiber  plaster/-  The  time  of  setting 
is  much  delayed  by  retarding  catalyzers  such  as  alum,  borax,  etc. 
When  gypsum  is  heated  above  125**  the  anhydrous  substance  is 
formed,  which  sets  much  more  slowly  than  the  hemihydrate. 
This  is  called  '*  dead  burnt  plaster,"  It  is  used  to  make  floors. 
The  material  known  as  stucco,  used  for  temporary  structures, 
8uch  as  exposition  buildings,  is  a  mixture  of  plaster  of  Paris  and 
coarse  sand  (see  also  Mellot,  p.  445).  Great  quantities  of  gypsum 
are  used  for  fertilizer  both  alone  and  as  a  constituent  of  prepared 
fertilizers  (g.r.).  It  is  supposed  to  function  in  this  relation  by 
double  decomposition  with  ammonium  carbonate  formed  bv  plant 
decay,  (NH4)sC0i  +  CaSO*  ^  CaCOj  +  (NH^^SO*.  The  ammo- 
nium sulfate,  being  more  stable  than  the  carbonate,  remains  longer 
in  the  soil.  Sulfuric  acid  in  small  amounts  has  recently  been  shown 
to  be  a  stimulant  to  plant  growth  and  it  may  be  that  calcium  sul- 
fate by  hydroI>^is  with  water  furnishes  this  needed  trace  of  acid. 

Calcium  Sulfide.  —  When  calcium  sulfate  is  heated  with  car- 
bon it  is  reduced  to  the  sulfide,  CaSO*  +  4C  -♦  CaS  +  4C0.  The 
sulfide  is  but  slightly  soluble  in  water,  but  is  slowly  hydrolyzed, 
2Ca8  +  2HtO  ^  Ca(OH),  +  Ca(SH),  and  then,  Ca(8H),  +  2HrO 
j±  Ca(OH)i  -I-  2HfS.  These  reactions  go  almost  to  completion 
because  of  the  slight  solubility  of  the  calcium  hydroxide  and  the 
weak  character  and  relative  insolubility  of  the  hydrogen  sulfide. 
^t  is  because  of  this  hydrolytic  action  of  water  that  calcium  is  not 
Dipitated  from  solutions  by  soluble  sulfides  with  the  third 
roup  metals  (p.  396).    Calcium  sulfide  is  a  white  Mbstaooe  and. 
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like  certain  other  sulfides,  when  exposed  to  intense  light,  will  appear 
luniinous  when  placed  in  the  dark.  It  is  the  chief  basis  of  lumincMU 
paints  (Chap.  XLXV).  Apparently  luminejscence  is  not  a  property  of 
the  pure  sulEde  but  depends  in  some  obscure  way  upon  traces  of 
other  sulfides.  Calcium  sulfide  unites  directly  with  sulfur  to  foim 
polysulfide,  CaS^,  which  in  solution  is  extensively  used  as  a  tree 
spray.  It  is  made  by  boiling  **  milk  of  lime  "  with  an  excess  of  suWiir. 
A  solution  of  this  at  one  time  had  extensive  sale  as  a  naedicine  nndest 
the  name  *'  Sulphuro ""  or  soluble  sulfur.  A  curious  set  of  reactions 
were  used  by  the  Germans  during  the  great  war  to  secure  sulfuric 
acid.  Germany  is  not  rich  in  sulfides  and  has  no  sulfur  and  due 
to  the  blockade  could  not  import  any.  Therefore  they  reduced 
CaS04  to  CaS,  and  treated  this  with  hydrochloric  acid  (obtained 
from  salt  by  electrolysis)  to  form  H3S.  This  being  burned  furnishes 
the  needed  sulfur  dioxide  to  produce  sulfuric  acid. 

Calcium  Phosphate,  —  The  phosphates  of  calcium  are  Ihree 
in  number: 

Calcium  orthophoephate  (tertiary) Cat(K>«)i 

Secondary  calcium  phoiphate, CaHPOt 

Primary  calcium  phosphate ..-...' Ca(HjP04)i 

The  first  occurs  in  nature  as  phosphorite  and  apatite  (the  lattef 
usually  with  CaFj  or  CaCU)  and  these  are  the  chief  sources  of  both 
phosphorus  and  phosphoric  acid  (c/.  p.  297  et  seq.).  It  is  abo 
obtained  by  ignition  of  bones  and  is  about  80  per  cent  of  their  adi. 
The  ashes  of  all  plants  contain  phosphates  as  do  all  manures  (such 
as  barnyard  manure,  guano,  etc.).  The  orthophosphate  is  very 
insoluble  in  water  but  is  very  slightly  decomposed  by  water.  It  is 
somewhat  more  soluble  in  soil  water  and  hence  is  available  as  a 
plant  food.  (See  fertilizers,)  The  orthophosphate  is  soluble  in 
acids  andj  by  appropriate  quantities  of  sulfyric  acid,  is  converted 
to  calcium  sulfate  and  either  phosphoric  acid  or  primary  or  second- 
ary calcium  phosphate*  The  primary  phosphate  is  used  as  fcr* 
tilizer  and  as  an  acid  factor  in  phosphate  baking  powders  (</. 
p.  408). 

FertilhcrM,  —  Since  phosphates  are  essential  lx>th  as  plant  food 
and,  through  plants,  for  animal  food,  and  since  the  amounts  present 
in  soils  are  ordinarily  insufficient,  either  in  quantity  or  in  available 
form,  to  supply  the  plant  demand  under  intensive  cultivation,  huge 
quantities  of  phosphates  are  mined  and  converted  to  forms  suitable 
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Df  fertilizers.    Therefore  this  seems  a  suitable  place  to  present 

le  general  subject  of  fertilizers  which  has  been  frequently  referred 

in  preceding  pages*  *When  calcium  phosphate*  CasCPOOi,  is 

ited  with  chamber  acid  (p.  235),  the  following  reaction  takes 

XCPOi),  +  2H.SO4  +  6HtO  -^CaCHaPO*)*  •  2H2O  +  2CaS04  •2HaO. 

At  the  same  time  some  secondary  salt  is  formed,  so  that  CaHPOi 
18  also  present  in  the  resulting  masS|  and  also  some  free  phosphoric 
acid  and  undecomposed  tertiary  phosphate.  The  mass  on  standing 
'*  reverts  '*  somewhat  and  ultimately  contains  only  the  primary 
and  secondary  phosphates  and  gypsum*  The  purpose  of  this 
treatment  is  to  obtain  as  much  phosphate  as  possible  in  the  form 
of  the  soluble  salt,  the  **  superphosphate,*'  CadiaPOOi,  and  as  Uttle 
in  the  form  of  the  less  soluble  secondary  salt.  (The  relative  solu- 
bilities are,  at  30**,  CaHPO*  0.23  g.  per  liter  of  solution  and 
Ca(HsP04)s  upwards  of  18  grams.  A  much  more  concentrated 
solution  can  be  obtained,  but  it  decomposes  with  gradual  deposi- 
tion of  the  secondary  salt.)  The  mixture  of  phosphate  and  sulfate 
is  placed  on  the  market  as  such  and  provides  the  plant  food  in 
readily  available  form  for  the  growing  plants.  What  is  not  at 
once  utilized  **  reverts  *'  with  the  basic  constituents  of  the  soil, 
e,g,.  CaCHjPOi)  +  2CaC0,  (or  FeaOa)  ->  Caa(P04)i  +  2HsO  +  2C0,, 
to  form  insoluble  phosphate  which,  being  in  a  state  of  fine  divi- 
sion in  the  soil,  is  by  soil  water  and  plant  acids  made  readily 
utilizable  by  plants. 

Since  plants  require  not  only  phosphates  but  also  nitrogen  com- 
pounds and  potassium  salts,  the  usual  form  of  fertiUzer  is  the  so- 
called  '*  complete  ^'  or  **  mixed  *'  fertilizer.  This  is  a  mixture  of 
pota^ium  chloride  or  sulfate  and  ammonium  sulfate  or  sodium 
nitrate  with  the  superphosphate.  The  mixture  owes  its  chief  value 
to  the  potassium,  combined  nitrogen  and  soluble  phosphate  present 
and  it  is  usual  to  compel  manufacturers  of  fertilizer  to  place  analyses 
upon  the  sacks  showing  their  content  expressed  as  percentage 
of  potassium  oxide,  combined  nitrogen  and  **  phosphoric  acid/' 
PjOj,  in  the  mixture.  This  type  of  fertihzer  is  now  being  replaced 
somewhat  by  cyanamide  (q-v.).  Some  phosphate  for  fertilizer 
is  being  obtained  now  from  the  **  basic  slag  "  of  the  op>en  hearth 
furnace  (g.e.).  The  quantity  of  phosphates  use<l  as  fertilizers  is 
indicated  by  the  fact  that  upwards  of  three  million  tons  of  calcium 
phosphate  are  annuaUy  mined  in  the  United  States  alone*    It 
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comes  chiefly  from  South  Carolina,  Florida,  and  Tennessee,  The 
is  no  danger  of  exhaustion  of  the  supply  for  there  are  enonoous 
deposits  of  practically  untouched  phosphate  rock  in  Idaho,  Utah, 
and  Wyoming. 
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Other  Sali8  of  (Mtciunt,  —  Many  other  salts  of  calcitim  ire 
of  value,  but  detailed  discussion  is  omitted.  Among  these  are 
Calcium  acid  sulfite*  Ca{HSOa)a^  used  on  a  large  scale  for  the  pre[ 
ration  of  paper  pulp  from  wood;  calcium  nitrate,  Ca(NOf)j,  mani 
factored  on  a  large  scale  by  the  Birkeland-Eyde  Process  iq.v.) 
Notodden,  Norway;  calcium  oxalate,  CaCCjOi),  a  very  insoluble 
salt  used  as  a  means  of  qualitative  detection  and  quantitativfl 
estimation  of  calcium;  calcium  acetate,  CaCCiHiOs)^,  a  by-product 
of  wood  distillation  and  used  as  a  source  of  both  acetic  acid  and 
acetone  (q,v.);  calcium  silicate,  CaSiOa,  a  factor  in  nearly  all  sorts 
glass  (qAh);  calcium  carbide  (q.v.),  used  as  a  source  of  acetylene^^ 
(q*v>);  calcium  cyanamide,  CaCNi,  a  fertilizer  to  which  frequeot 
reference  has  already  been  made.  There  are,  of  course,  many  o^er 
salts  of  less  importance. 
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Strontium  and  Barium 

Occurrence*  —  These  elements  occur  widely  distributed  through  igneoas 
rocks  but  are  niucb  less  abundant  than  calcium.  Depoisits  of  the  earbonita 
and  sulfat'es  of  both  are  fairly  abundant.  Strontium  carbonate,  SrCOi,  ts  known 
as  strontiaiute,  barium  carbonate,  BaCOt,  as  witberite,  strontium  sulfate,  SrSO^ 
as  celestile  and  barium  sulfate,  BaSO^,  as  barite  or  heavy  spar. 

History  and  Preparation*  — Strontium  gets  its  name  from  Strontian, 
a  village  in  Scotland  near  which  its  carbonate  was  discovered  (1787);  barinm  from 
barite  (from  J^api^  =  heavy)  because  of  the  great  8peci6c  gravity  of  the  natynl 
sulfate.  Barium  sulfate  was  recognized  as  containing  a  special  "earth,"  or  Qixidt» 
by  Scheele,  1774,  and  strontianite  as  cootaining  a  special  earth  by  Crawford,  1790. 
The  impure  metals  were  first  prepared  by  Davy^  1807.  Both  metala  can  b« 
prepared  by  the  method  used  for  calcium  (g.v.),  but  neither  is  prepared  oo  any 
large  scale. 

Properties*  —  Both  metals  are  silver  white  and  soft,  -both  react  with  waM. 
to  liberate  hydrogen,  and  when  heated  with  hydrogen  form  the  hydrides.  IMr 
properties  are  otherwise  aufficiently  detailed  at  the  close  of  the  chapter. 

Compounds*  —  The  only  compounds  of  strontium  deserving  special  met* 
tioQ  are  the  nitrate,  Sr(NOi]i,  ueed  as  a  constituent  of  red  6re  in  pyroteehnica,  aol 
the  bydrojddei  $r(OH)i,  which  fonns  a  readily  crystatUxable  compound  with  i 
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Dm  which  the  sugar  can  be  again  recovered.  It  b,  therefore,  uifed  to  aoine 
ent  to  obtaia  sugar  from  uncrystalli^able  a>Tupa.  It  mu^  be  recognised  that 
ontium  can  form  the  complete  series  of  salU  analogous  to  tho^e  of  caJcium^  but 
pt  for  diflerenoes  of  a  minor  aort  they  offer  no  special  points  of  interest. 
analytical  reaction^,)  The  same  statement  may  be  made  in  general  for 
lum  compounds  with  the  exception  of  the  following: 

Barium  Oxide,  —  The  carbonate  of  barium  is  much  less  readily  diasociated 
heat  than  is  calcium  carbonate  so  that  it  is  not  eoouomical  to  prepare  the 
ride  from  witherite  directly,  but  if  carbon  be  heated  with  the  carbonate  the  ear- 
on  dioxide  by  partial  pressure  is  kept  practically  at  sero  by  conversion  to  the 
onoxide,  BaCOi  ^  BaO  +  (Cd  +  C  *=i  2C0)»  and  henoe  at  reasonable  tem- 
aturee  the  dissociation  ia  fairly  rapid.     The  oxide  is  aLao  readily  prepared  by 
the  nitrate.     It  is  more  readily  soluble  in  water  than  is  the  calcium 
^droxide  and  the  hydroxide  formed  is  a  strong  base.     The  base  may  also  be 
epared  by  heating  the  carbonate  in  superheated  steam.     This  illustrates  the 
Ject  of  decreasing  the  concentration  of  both  factors  of  a  reversible  reaction, 
bus,  when  at  a  given  temperature  we  should  have  with  small  partial  pressure  ol 
rbon  dioxide  an  equilibrium  condition  of  the  reaction  BaCOj  ^  BaO  -f  C0», 
\  passage  of  steam  over  the  mass  not  only  keeps  the  pressure  of  carbon  dioxide 
'  but  alao  converta  the  oxide  to  hydroxide. 

The  hydroxide  is  used  to  a  very  conaiderable  extent  as  a  standard  reagent, 
\  adutlon  is  known  as  ''baryta  water,"     The  oxide  is  used  most  extensively  to 
( the  peroxide.    The  dissociation  pressure  of  barium  peroxide  is  (2BaOi  ^ 
+  0,), 


Temperature.  * . . 
Pressure  in  mm . 


626* 
20 


670* 

80 


735* 
260 


775* 
510 


790« 
670 


I  the  partial  pressure  of  oxygen  in  the  air  is  about  160  mm.  it  follows  that  if 
"  be  paaocd  over  barium  oxide  at  670*,  or  a  little  above,  oxygen  will  be  absorbed 
^md  that  at  increased  pressure  of  air,  thus  increasing  the  partial  pressure,  still 
higher  temp>eratures  may  be  used  to  cause  the  reaction  to  go  2 BaO  +  Os  — *  2BaO|. 
On  the  other  hand,  if  by  means  of  an  exhauBt  pump  the  partial  pressure  of  oxygen 
be  kept  low  the  reactbn  will  proceed  2BaOs  — >  2BaO  +  Oi,  (See  p.  30.)  It  will 
be  obvious  from  the  above  discussion  that  air  used  for  the  above  purpose  roust  be 
free  from  carbon  dioxide  if  the  process  is  to  be  continuous.  The  importance  of 
barium  dioxide  is  largely  due  to  its  use  in  the  preparation  of  hydrogen  peroxide 

Bariiifn  Chloride^  BaCli  *  2HtO,  is  readily  formed  by  treatment  of  th« 
carbonate  with  hydrochloric  acid  or  it  may  be  formed  by  beating  the  sulfate  with 
calcium  chloride  and  carbon, 

BaSOi  +  Caa,  -f  4C  -♦  BaCU  +  CaS  +  400* 
I  ohloftde  of  bahum  is  soluble  in  water  aod  ma,y  be  purified  by  recrystalUaar 
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Barium  Sulfate^  BaSOi,  is  the  most  abundant  imtuml  farm  of  1 
and  alBO  it£  moet  extensively  used  salt,  sinee  it  ia  used  sa  a  pifcment, 
white,"  an  a  subHtitute  for  white  lead  (^^i'.},  and  sho  bb  a  st^arting  point  fori 
preparation  of  other  barium  compounds.  It  ia  one  of  the  most  insoluble  of  at- 
fal^s  and  con^qyently  is  precipitated  almoat  completely  when  sulfates  m 
treated  with  Boluble  salts  of  barium.  It  is,  therefore,  frequently  emplo^'ed  0 
analytical  operaUons,  Other  aalts  of  barium  which  have  more  linuted  uaes  an 
the  nitrate,  Ba(NOi)j,  and  Ba(C10i)i,  which  are  uacd  in  pyrotechnics.  Tbe 
chroma te,  BaCrOi,  is  used  as  a  means  of  detection  both  for  chromatea  aod  banua 
sal  IB.    Tbe  sulfide^  BaS,  ia  uaod  as  a  factor  of  luminoua  painta. 

Radium  v 

Occurrence  and  History,  —  The  last  member  of  aub-group  A  is  a  very 
rare  element^  though  it  occum  in  minut-e  amounts  very  widely  diatribuied.  BesCMm 
ol  its  very  r&markable  ]>ro [Gerties  {vide  i^fra}  it  has  taken  a  large  hold  upon  thb 
popular  imagination  and  because  of  these  same  properties  and  deductions  trom 
them  it  \&  of  the  ver>'  liiglicst  scientific  importance  (Chap.  XXXVI).  It  is,  Uwn- 
fore,  ii  very  well  known  element.  It  woa  discovered  ia  1903  by  Madame  Cum, 
though  the  property  whicli  liaa  given  it  its  name  was  disajvered  in  1896  by 
Beequerel  (see  Uranium) >  and  the  search  for  the  source  of  the  radioactivity  d 
pitchblende  had  begun  five  years  earher. 

Eadium  occurs  cliiefly  in  pitchblende,  which  is  found  chiefly  in  Bohemia  ^ 
Colorado,  Pitchblende  is  an  ore  of  uranium,  containing  the  oxide,  Uf<X,  asBOCt- 
ated  with  a  large  ntimber  of  other  elements.  Indeed  radium  is  always  a  ccm- 
Btituent  of  uranium-bearing  minerals  and  there  aeema  to  be  a  definite  ratio  be- 
tween tbeir  uranium  and  radium  content.  Small  amounts  of  radium  oompouodf* 
or  at  least  of  radioactivity,  are  found  in  many  rocks  and  varieties  of  mineni 
wateiB.    The  metal  itself  was  firat  isolated  in  19 1 0  by  M  tidame  Curie  and  Debi«nka 

Preparation^  Properties^  a  rul  Campo  tin  (is. —The  compounds  of 

tlie  clement  were  first  isolated  by  fractional  cr>^«taIlixation  of  that  portion  of  tlw 
solution  of  prtdliblende  which  does  not  precipitate  when  treated  with  sulfides,  t^., 
from  the  aiuiJyticai  4th  group  aolution.  (Vide  p.  397.)  Many  ciyataiUaataoQi 
are  necessary  and  the  quantity  is  90  small  that  many  tons  of  pitchblende  mtial  ba 
treated  in  order  to  obtahi  a  few  milh^rama  of  the  aalts.  (It  ia  estimated  that  i 
ton  of  pitchblende  contains  only  0.2  icram  of  radium.)  The  element  waa  pre 
peered  by  electrolyzing  the  radium  chloride,  using  mercury  aa  a  cathodo.  Tbfi 
amalgam  m  formed  may  be  decomposed  by  heat  and  the  mercury  volatOiaaL 
The  metal  is  white,  melta  at  700°,  tarnishes  in  the  air,  deoompoees  water  readily 
and  in  general  behaves  as  an  alkaline  earth  metal  should*  Ita  salts  resemble  in 
apiiearanoe  and  Ijeliaviur  those  of  barium,  being  in  geoeral  slightly  less  aoiuhie. 
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bt,  10  flbowQ  by  AHAlysiB  of  iU  chloride  and  bromide^  ia  133.2,     If,  tberefo 
i(  m  btvmleni  as,  &re  the  other  membeis  of  its  group,  ita  atomic  weight  is  22d.l 
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The  most  characteristic  property  of  bofch  the  element  and  its  aaits  is  thii  d 
giving  off  radiations  capahle  of  affecting  a  photographic  plate.  AaBOciatcd  «it^ 
thia  property  ia  the  constant  evohition  of  heat  and  the  fonnation  of  diBintegratinc 
product.6  which  are  indicative  of  the  deconi|>o8ition  of  atoms.  These  reJatiMV 
are0oin)fM>rtant  thtii  s[>erial  consKlerarion  ol  them  in  made  in  Chapter  XXXIIJ. 
Itfl  salts  arc  prepared  under  the  supervi.sion  of  the  U,  S.  Bureau  of  Minee  Irm 
the  Colorado  ores.     The  method  i&  outlined  in  the  chart  given  in  Fig.  106, 

Croup  Relations* — The  relatiou  between  the  properties  of 
calcium,  strontiinii,  and  barium  are  shown  in  tabular  form  below. 

Radium  is  omitted  since  some  of  the  data  arc  not  available. 

# 

The  Alkalme  Earth  Mettls 


Atomic  weight  , 
Specific  gravity,. , 
Atomic  volume.    . 

Melting  point 

Specific  heat.., . . , 
Flame  coloration, . 
Valence ........... 


Solubility  in  water  of  hy- 
droxide per  100  g,  of  so- 
lution   

Solubility  in  water  of  sul-  ^ 
fate  per  100  g,  of  solution 

Solubility  of  carbonate. . . 


Cfitctum, 


40  1 

1  M 
20.4 
780* 
0.152 
Brick-red 

2 
Ca(OH), 
0.131  at  0^ 
0.113  at  30" 
0.0f>7  at  SO" 
0.017  at  150" 
Ca80|'2HiO 
0  175^  at  0° 
0.2095  at  30° 
0.170  at  100** 
1.3lX10-'atl6'* 


Stroaiiura. 


87.63 
2  54 

38.7 
800** 


Crimaon 

2 

Sr(0II),-8H,0 

0  35  at    0** 

1  00  at  30** 

6.57  at  80*" 


g.SXlO-'at  O'' 
14,8XlO-^at20' 

1  00X10-* 


B&riniB. 


137.37 
3  75 
36  6 
850* 

om 

Green 

2 

Ba(0H),.8H/) 

1  48  at  0' 
S  36  at  30' 
48.65  at  78  5' 


1  7X10-^  at  0* 
2.3X10-^  at  25' 

1  86X10^  at  ir 


Anaiyfical  Reactions.  —  The  soluble  salts  of  the^e  three  met 
arc  not  precipitated  by  hydrochloric  acid,  hydrogen  sul6de, 
ammonium  sulfide,  but  are  precipitated  by  ammonium  carbonate 
These  facts  are  utilized  to  separate  the  metals  from  all  other 
The  carbonates  are  readily  soluble  in  acids  and  their  separation 
from  each  other  is  effected  by  taking  advantage  of  the  relati^ 
Bolubilities  of  the  sulfates,  oxalates,  and  carbonates.  (For  dets 
see  texts  on  qualitative  analysis.)  All  three  give  with  volatil 
Baits  flame  colorations  as  noted  in  the  table,  and  these  colora 
tions  are  used  for  final  identification*  In  quantitative  e8tin[iatiulj 
calcium  is  usually  determined  as  tlie  oxalate,  strontium  as  th 
carbonate^  and  barium  as  the  sulfatCi  since  thc^e  arc  resi^ectivel; 
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le  most  insoluble  salts  (for  details  consult  quantitative  texts). 
Lcliym  is  usually  detected  by  use  of  the  electroscope  (q.v.). 

Exercises.  —  1.   If  an  electrolytic  decomposition  of  a  calcium 

ihloride  solution  were  to  be  attempted,   what  is  the  minimum 

oltage  needed?     AVhat  difficulties  would  be  encountered?     How 

ay  they  be  met? 

2*   In  the  preparation  of  calcium  phosphide  from  lime  and 

phosphorus,  what  other  substance  is  formed?     Is  it  an  impurity 

of  the  product? 

3.  Calcium  chloride  solutions  show  the  solubility  curve  given 
on  p.  453,  What  is  the  approximate  molar  concentration  at  the 
eutectic  point? 

4.  Calcium  chloride  when  completely  dehydrated  and  then 
rediasolved  in  water  is  somewhat  alkaline.     Why? 

5.  Why  is  the  "  theoretical  "  amount  of  available  chlorine  not 
found  in  commercial  chloride  of  lime? 

6.  How  much  calcium  oxide  is  formed  when  5  grams  of  cal- 
cium carbonate  is  heated  to  800°  in  a  closed  liter  vessel  until 
equilibrium  is  reached*  Disregard  the  space  occupied  by  the 
limestone  or  lime. 

7.  Calcite  with  a  specific  gravity  of  2.70  changes  on  sufficient 
heating  to  Hme  with  a  specific  gravity  of  3.3.  What  is  the  volume 
change?     {N3.     Do  not  neglect  the  weight  change.) 

8.  When  calcium  nitrate,  Ca(NOi)a,  is  heated  sufficiently  it 
yields  the  oxide,  nitrogen  peroxide  and  oxygen.  Formulate  the 
molecular  equation  and  state  the  ratio  by  volume  of  nitric  oxide 
and  of  oxygen  at  a  temperature  of  150**  and  at  27®  (c/.  294). 

9.  Explain  by  means  of  an  equation  the  formation  of  stalag- 
mites in  caves. 

10.  Formulate  the  ionic  equations  for  the  precipitation  of 
calcium  salts  by  ammonium  oxalate  and  of  barium  salts  by  sulfates. 

11.  Formulate  the  series  of  reactions  by  which  sulfuric  acid 
ay  be  produced  from  g>^psum. 

12.  Why  is  "  reverted  "  ortho  calcium  phosphate  more  avail- 
able for  plant  food  than  the  mineral  apatite? 

13.  Why  is  barium  peroxide  not  prepared  by  direct  heating 
of  the  barium  carbonate? 

14.  If  radium  decomposes  into  helium  and  other  decompo- 
ion  products,  why  is  it  regarded  as  an  elenent? 
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CHAPTER  XXVII 

GROUP  n— SUB-GROUP  B 

members  of  this  sub-group,  magnesium,  xine,  cadmlua 
mercury,  do  not  offer  the  same  satisfactory  relationship  to 
each  other  as  is  the  case  with  sub-group  A,  (C/.  sub-groups  A 
and  B  of  Group  L)  Magnesium  compounds,  like  those  of  sodium, 
are  very  similar  in  their  relations  to  those  of  the  first  member 
of  the  sub-group  A^  and  magnesium  is  frequently  classed  as  an 
alkaline  earth  metal.  The  metal  itself  is,  however,  similar  ta 
zinc.  Zinc  and  cadmium  are  closely  similar  but  mercury  is  very 
differentp  resembhng  in  chemical  behavior  the  copper  group  met^l^, 
and  as  an  element  is  a  curious  anaraaly  among  the  met-als.  It 
is  practically  the  only  member  of  the  group  showing  a  variabk 
valence. 

MAGNESniM 

Oamrrenee*  —  Magnesiimij  the  sixth  element  from  the  stand- 
point of  quantity,  is  of  very  extensive  and  varied  occurrence. 
The  types  of  compounds  arc  like  those  of  calcium  and  the  mcust 
important  are  the  carbonate,  magnesite,  MgCOs,  and  dolomite, 
MgCa(COs)f;  talc,  or  soapstone,  MgjH2(Si03)4;  serpentjBC, 
MgsSi207  •  2HjO;  meerchaum,  MgiSisOa  •  2H2O.  These  are  all 
insoluble.  An  indifferently  soluble  double  chloride,  KMgCls' 
OHjO,  occurs  as  camallite  in  salt  beds.  The  chloride,  MgCli,  and 
the  sulfate,  MgSO*,  occur  in  vast  quantities  in  wat>er.  Both  art 
constituents  of  sea  water,  and  the  latter  of  many  surface  waters. 
There  are  also  many  deposits  of  the  sulfate  which  have  been  pro- 
duced by  evaporation  of  lakes.  There  are  many  other  minerat 
forms  containing  magnesium  (see  texts  on  mineralogy). 

History*  —  The  salts  of  magnesium  were  not  distinguished  from 
those  of  calcium  until  1695  when  Grew  de^cril>ed  the  salt  MgSO* 
derived  from  the  mineral  springs  at  Epsom,  England,  The  car- 
bonate came  into  use  as  a  medicine  about  1700,  and  in  1755  Black 
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jhowed  clearly  the  distinction  between  magnesium  oxitie  and  the 
oxide  of  calcium.  The  name  is  derived  from  the  name  of  a  town  in 
Asia  Minor,  and  is  due  probably  to  an  attempt  to  contrast  the  pow- 
dered basic  carbonate,  '*  magnesia  alba,*'  with  the  substance  which 
came  from  Asia  Minor  then  known  as  "  magnesia  nigra  "  and  now 
known  as  manganese  dioxide.  (C/.  manganese.)  (The  origin  of 
these  two  names  is  not  very  certate.)  In  the  classic  investigation 
by  Davy  1807,  (ef  Sodium)  he  isolated  the  impure  metal,  but  its 
discovery  is  usually  ascribed  to  Liebig  and  Bussey  in  1830,  who 
prepared  it  by  reduction  of  the  chloride  by  metallic  potassium. 
The  Erst  preparatioQ  of  any  quantity  of  the  metal  was  by  Bunsen 
in  1832. 


Preparation  and  Properties. — Magnesium  is  prepared  in  two 
forms,  ribbon  or  wire  form,  and  as  a  powden  It  is  obtained  by 
reduction  of  the  dehydrated  carnallite  by  electrolysis.  The  molt^ 
mass  is  a  good  conductor  and  if  the  electrolysis  is  carried  out  in 
iron  crucibles  as  the  cathode  the  metal  collects  in  globules  upon  the 
bottom.  The  impure  metal  may  be  purified  by  distillation  and 
collected  as  a  powder.  The  molten  metal  may  be  allowed  to  cool 
partially,  and  be  drawn  out  to  wire  form  and  then  rolled  into  the 
ribbon  form  in  which  it  is  frequently  employed* 

The  metal  is  silver  white  and  has  a  specific  gravity  of  1,75. 
It  is  less  active  chemically  than  calcium,  yet  in  moist  air  it  coats 
itself  with  a  thin  film  of  hydroxide  which  protects  it  from  further 
corrosion.  It  burns  with  an  intense  white  light,  the  temperature 
of  which  does  not  correspond  to  the  intensity  and  there  is  probable 
direct  production  of  light.  (C/.  Chap.  XXV.)  The  efficiency  of 
the  light  is  about  10  per  cent.  Its  light  is  also  verj'  rich  in  ultra- 
\nolet  and  other  short  waves  and  hence  for  chemical  purposes  is 
about  60  times  as  efTective  as  gaslight.  When  it  burns  in  the  air 
it  unites  with  both  the  oxygen  and  nitrogen,  and  the  presence  of  the 
nitride  in  the  ash  can  be  shown  by  the  formation  of  ammonia  by 
treatment  with  water.  The  metal  acts  as  a  powerful  reducing  agent 
and  was  so  used  to  prepare  metals  from  difficultly  reducible  oxides 
until  its  place  was  taken  by  aluminium  (g.i?,)-  Magnesium  unites 
directly  with  sulfur,  arsenic,  and  many  other  elements.  In  pow- 
dered form  it  reacts  slowly  with  boiling  water  to  form  hydrogen 
but  reacts  very  vigorously  with  superheated  steam.  It  behaves 
a»  does  aluminium  when  used  as  an  anode  and  may  be  used  aa  m 
current  rectifier,     (See  passive  aluminium.) 
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Uses*  —  MaiL^iesiiim  finds  very  extensive  applicBtion  in  pbotog- 
raphy  for  printiiiR  purpose**  and  aa  flashlight  powder.  The  &uh* 
light  powder  is  a  mixture  of  potassium  chlorate  and  niagne^um. 
It  is  also  used  in  pyrotechnics.  An  especially  interesting  phase  of 
this  is  it«  use  in  the  gre^t  war  as  **  flares  "  for  illuniinatioci  of 
enemy  trenches.  It  is  also  used  to  make  alloys  with  aluminittin 
ranging  from  10  t4i  25  per  cent  magnesium.  While  the  use  of  mag* 
nesium  in  organic  syntheses  and  reductions  is  not  great  in  qittfl* 
tity  it  is  in  importance.  (See  Organic  Chemistry,  Grignanl'i 
reaction  J 

Compounds,  —  The  existence  of  an  hydride  of  magnesium  bj 

not  definitely  established.     The  halides  are  all  known  but  the  oiJfl 
one  of  these  of  practical  importance  is  the  chloride.     (It  may  b«l 
not^  that  the  fluoride  is  markedly  insoluble  (7*6  mg.  per  Uter/J 
18  fluorescent  and  in  other  ways  resembles  calcium  fluoride  (j.«»>J 
The  chloride,  MgCU,  is  a  highly  deliquescent  salt  and  occurs 
sea  water  and  almost  all  salt  deposits.     It  is  very  soluble  in  wat«rl 
and  apparently  hydrolyzes  partially,  MgCU  +  H2O  ^ni  Mg(OH)i  +{ 
2HCI.     That  such  an  equilibrium  exists  is  evidenced  by  the  rapid* 
c5orro6ion  of  iron  by  water  containing  the  chloride  and  by  the  c\*o- 
lution  of  hydruchloric  acid   when  the  solution  is   boiled.     It  is 
mainly  for  this  reason  that  sea  water  cannot  be  used  as  boiler  water. 
Likewise  the  anhydrous  salt  cannot  be  obtained  by  evaporation 
smce  the  crystals,  MgClj  -  6HaO,  which  separate  out  of  sufficiently 
concentrated  solutions,  when  heated  react  aa  indicated,  MgCU  *  6H1O 
^  Mg(0H)8  +  4H2O  +  2HC1.     The  reaction  is  not  so  smooth  as 
indicated  and  ordinarily  the  residue  is  a  basic  salt  of    variaye 
composition.     The  anhydrous  salt  may  be  prepared  by  bumiag 
magnesium  in  chlorine  (heat  of  formation  151,000  caL)»  or  by 
evaporation  of  a  solution  of  ammonium  chloride  aud  magnesium 
chloride  until  crystallization  take-s  place  and  then  heating  these 
tals.     Two  successive  reactions  occur: 


(NH4)MgCU  •  6HjO  -^  (NHOMgClt  +  6H1O, 
(NH4)MgCU  -*  MgCU  -f  NHa  +  HCL 


The  dry  salt  may  be  sublimed  in  an  atmosphere  of  hydrogen.    It 
dissolves  in  water  with  evolution  of  much  heat  (30,000  cal.),  indi- 
cating the  formation  of  a  definite  hydrate.     Indeed  the  solubility 
curve  indicates  the  existence  of  at  least  5  hydrates.     (See  Ab- 
Vol.  il|  part  II,  p.  46,)     The  chloride  shows  an  especial  teud« 
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form  double  salts,  €,g,,  carnallite,  KMgCta  •  6H2O.     Thi^  salt 
considerable  valufe  since  it  is  the  chief  source  of  potassium 
dloride. 

Magnesium  Oxide  and  Hydroxide.  —  Magnesium  oxide  is  readily 
)rraed  by  burtiiiig  niagnesiuin,  but  is  urdiiuirily  prepared  by  heat^ 
ig  the  carbonate.  It  is  a  white  infusible  powder  which  varies  much 
ccording  to  the  material  from  which  it  is  prepared  and  the  tem- 
^rature  employed*  That  from  precipitated  carbonate  is  hght  and 
srous  and  is  known  as  magnesia  usta.  It  is  very  insoluble  in 
rater^  but  by  treatment  with  water  is  slowly  transformed  into  the 
fcrdroxide.  It  is  soluble  in  dilute  acids,  though  the  highly  heated 
the  cr>''stallized  oxide  is  much  less  readily  dissolved.  It  is  used 
ledicinally  to  a  very  large  extent  and  is  also  used  for  the  prepara- 
ion  of  refractory  vessels  and  furnace  linings  (vide  basic  steel, 
lap.  XXXV). 
The  hydroxide,  Mg(OH)j,  is  prepared  by  treatment  of  the 
oxide  with  water  and  since  both  are  insoluble  the  mass  solidifies 
to  a  hard  compact  mass.  The  higher  the  temperature  at  which 
the  oxide  is  prepared  the  less  compact  the  solidified  mass.  The 
hydroxide  is  precipitated  from  soUitions  of  its  salts  by  soluble 
bases  since  the  solubility  is  very  slight,  about  2  mg.  per  liter.  It 
is  not  so  completely  precipitated  in  the  presence  of  alkali  salts, 
and  by  ammonium  hydroxide  is  not  precipitated  at  all,  in  fairly 
dilute  solutions.  The  usual  explanation  is  in  terms  of  the  ioniza- 
tion hypothesis,  that  the  presence  of  an  excess  of  ammonium  ions 
depresses  the  ionization  of  ammonium  hydroxide  to  a  degree 
which  prevents  the  formation  of  enough  magnesium  hydroxide 
to  exceed  its  solubility.  It  is  perhaps  also  due  to  the  ready  for- 
mation of  the  very  soluble  double  salts,  such  as  NH4MgCU. 

Magnesium  Carbonate. — ^The  normal  carlx>uatc,  MgCOj, 
occurs  in  nature  as  magnesite.  It  is  but  very  slightly  soluble  in 
water.  It  forms  isomorphous  mixtures  with  calcite  and  also  a 
double  salt,  dolomite.  \Yhen  solutions  of  magnesium  salts  are 
treated  with  neutral  carbonates  basic  magnesium  carbonate  (cf. 
white  lead)  is  precipitated.  This  is  the  magnesia  alba  of  the 
pharmacist  This  salt  varies  in  composition  according  to  the 
conditions  of  precipitation.  The  explanation  is  that  the  neutral 
carbonate  in  »<:>lution  is  hydrolyzed,  e*g*,  NatCOa  +  HtO  —*  2NaOH 
-f  HtCOj,  and  this  system  then  can  furnish  both  hydroxyl  and 
carbonate  imLS  to  react  with  the  magn^um  ions.  There  are 
then  the  following  possibilities: 


When  magnesium  salts  are  treated  with  carbonates  at  room  leiD* 
perature  the  mixed  precipitate  approximates  the  compoeitiaii 
Mg4(0H)j(C0s)s  •  3HbO,  and  is  known  as  light  magnesia.  If  i 
concentrated  solution  is  precipitated  at  the  boiling  point  the 
composition  is  more  nearly  Mg5(0H)i(C0i)t.  Whether  these  wf 
other  than  simply  mixtures  of  the  hydroxide  and  carbonate  do® 
not  appear  from  the  evidence. 

When  the  carbonate  is  suspended  in  water  and  carbon  diosifc 
is  paased  into  it  the  acid  carbonate  is  produced.  Like  the  arid 
carbonate  of  calcium  it  is  soluble  and  decomposes  readily  with 
precipitation  of  the  carbonate*  The  carbonate  dissociates  very 
readily  when  heated  and  the  partial  pressure  is  sufficient  to  effect 
a  complete  dissociation  at  about  200°. 

With  ammoniorn  carbonat'e  solutions  magnesium  salts  are  no* 
completely  precipitated  and  in  the  presence  of  excess  of  am* 
monium  chloride  are  not  precipitated  at  alL  This  also  is  expli* 
cable  according  to  the  ionization  h3rpothesis  on  the  baaia  of  lbs 
relation  between  the  three  equilibria 


Mg^^  +  CO/'^MgCO,, 
NH4^  +  Cl'i^NH4CL 


It  may  also  be  due  to  the  formation  of  soluble  double  salts 

Magnesium   Sulfate,   MgSO*  •  xHjO   (x  =  1,  4,  6,  7,  or  12).- 
The  salt  is  found  in  many  varieties  of  form,  varying  not  only 
respect  to  the  number  of  molecules  of  water  of  crystallizati 
but  as  a  constituent  of  many  double  salts.     Of  these  the  m 
important   is  Epsomite^   MgSO*  •  7HjO,    which    is    a    product 
evaporation  of  sea  water,  but  often  is  found  as  an  efflorescence, 
on  rocks  when  dry.     Many  inland  lakes  which  dry  up  in  summi 
deposit  this  salt  (especially  in  Washington  and  \^oming> 
soluble  in  water 
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1 20^),  and  at  ordinary  temperaturo  the  same  salt  crystallizes  out. 
At  higher  temperatures  up  to  68**  the  hexahydrate  separates  out 
and  above  68^  the  monohydrate,  known  as  the  mineral  kieaerite, 
is  formed.     This  is  stable  at  ISO''. 

Magnesium  sulfate  is  used  in  a  large  variety  of  industries,  e.g., 
in  tannings  in  dyeing,  in  sugar  refining,  in  cotton  printing,  in  the 
manufacture  of  aniline  colors,  etc.  Its  most  famiUar  use  is  in 
medicine  as  a  purgative.  Many  mineral  waters  are  valuable 
chiefly  because  of  the  presence  of  this  salt.  Its  presence  in  water*j 
is  an  undesirable  factor  when  the  water  is  used  for  domestic  pur- 
poees  and  as  boiler  water.  It  is  desirable,  then,  at  this  point  to 
summarize  certain  points  with  reference  to  boiler  scale  and  water 

^mftening. 

^V  Boiler  Scale.  —  When  water  containing  certain  salts  in  solution 
^H  used  in  steam  boilers,  insoluble  material  is  produced  which 
^pterfere^  with  the  efficiency  of  the  boilers.  The  formation  of 
Hdib  material  is  usually  due  to  the  presence  of  either  calcium  or 
magnesium  salts  and  is  formed,  in  general^  in  one  of  three  ways. 
*  (1)  The  acid  carbonates  of  calcium  and  magnesium  are  decom- 
posed by  heat  and  the  carbonates  so  produced  settle  out.  (2) 
Calcium  sulfate  is  fairly  insoluble  and  as  water  evaporates  precip- 
itates out.  This  tendency  is  the  more  marked  by  reason  of  the 
smaller  solubihty  at  high  temperature,  {3)  Magnesium  chlo- 
ride, and  to  a  lesser  extent  the  sulfate,  hydrolyzes  when  heated. 
with  water  and  forms  the  hydroxide,  which,  with  some  of  the* 
salt,  forms  an  insoluble  mass.  These  deposits  adhere,  more  or 
less  rigidly,  to  the  walls  of  the  boilers  and  being  poor  conductors 
of  heat  entail  a  waste  of  fuel  and  therefore  lower  the  steam  ca- 
pacity of  the  boilers.  They  also  shorten  the  life  of  the  boiler, 
due  to  external  oxidation.  In  the  case  of  the  magnesium  salts 
they  also  entail  increased  corrosion  by  reason  of  the  acids  liberated. 
In  the  case  of  the  calcium  sulfate  and  magnesium  hydroxide  the 
scale  adheres  firmly  and  is  removed  only  with  great  difficulty. 
These  and  certain  other  difficulties  render  advisable  the  ''  soften- 
ing *'  of  water  when  these  salts  are  present  if  it  is  to  he  used  in 
bailers. 

Water  Softenings  —  Waters  containing  salts  of  calcium  and  of 
magnesium   are  called    **  hard  **    waters.     (C/.    Chap.    I\^)     The 
rdoeas  is  of  two  kinds,  temporary  hardness  and  permanent  burd^ 
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ness*  Temporary  hardness  is  due  to  the  acid  carbonates  of  calcituo 
and  magnesiuni  and  is  called  temporary  because  by  boiling  th*- 
water  the  acid  carbonates  are  converted  to  neutral,  and  insoluble, 
carbooatea.  (Iron  carbonate  occasionally  causes  hardness  and  t» 
also  removed  by  boiling,  but  is  converted  to  ferric  hj'dronde.l 
These  substances  may  also  be  removed  by  addition  of  the  pn>p€f 
quantity  of  calcium  hydroxide,  CaCHCOah  +  Ctt(OH)t  -^  2CaC0j 
+  2HiO.  Permanent  hardness,  not  removed  by  boiling,  may  be 
removed  by  addition  of  appropriate  quantities  of  sodium  ca^ 
bonate. 

CaSOi  +  NatCOj  ^  CaCO,  +  NatS04, 

MgSOi  +  NaaCO,  -*  MgCO,  +  Na^SO^. 

i 

)t  coursei  soluble  salts  of  any  other  acid  radical  which  will  form  in- 
soluble salts  of  calcium  and  magnesium  may  be,  and  sometimes  are, 
used,  e.g.,  sodium  silicate^  sodium  phosphate^  etc.  The  method  of 
softening  varies  considerably  according  to  the  local  conditions  but 
the  most  generally  employed  method  is  as  follows :  The  quantity  of 
hardness  is  ascertained  by  chemical  analysis  and  a  sufficient  quan- 
tity of  milk  of  lime,  to  destroy  the  temporary  hardness  and  that 
due  to  magnesium  salts,  and  of  soda  ash,  to  remove  the  permanent 
hardness  due  to  calcium  salts,  is  added  to  the  water,  and  the  prt- 
cipitated  carbonates  and  hydroxides  are  allowed  to  settle  out  be- 
fore the  water  enters  the  boilers*  Of  course  if  only  temporary 
hardness  is  to  be  dealt  with  only  milk  of  lime  is  employed  and 
conversely*  Temporary  hardness  is  sometimes  removed  by  ^'  pre- 
heating "  the  water.  Also  at  times,  for  various  reasons,  water 
softening  material  may  be  added  to  the  water  in  the  boiler,  the 
purpose  being  to  precipitate  the  calcium  and  magnesium  salts  in 
flocculent  form  so  that  at  periodic  intervals  the  precipitate  may  be 
!*  blown  ''  from  the  boilers.  For  further  details  the  reader  is  re- 
fenced  to  works  on  industrial  or  engineering  chemistr3^  Of  course, 
water  may  also  be  softened  for  domestic  use,  since  these  same  fac* 
tors  destroy  soap  and  impart  harshness  to  the  water*  (See  p.  363.) 
A  most  interesting  as  well  as  important  water  softening  method 
is  that  carried  out  by  the  use  of  '*permutite/'  which  is  a  trade 
name  for  the  compound  NaAlSiO^  •  SHjO.  If  a  hard  wat^  19 
filtered  slowly  through  this  material  the  sodium  is  displaced  by  thi 
calcium  and  magnesium  ions  in  solution.     When  the  filter  is 
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lusted  it  may  be  renewed  by  passing  through  it  a  strong  brine 
►hich  reverses  the  reaction.     The  method  is  extensively  employed* 

Other  Satis,  —  Of  the  long  list  of  salts  of  magnesium  the  only 

thers  which  need  mention  here   are  the  phosphates,   especially 

jagnesium  ammonium  phosphate,  MgNHiPO*,  since  it  serves  as 

convenient  means  of  detection  and  quantitative  estimation  of 

igneaium.     It  is  formed  when  sodium  phosphate^  NafHPO^,  is 

Ided  to  an  ammoniacal  solution  of  magnesium  salts  since  it  is, 

the  possible  salts,  the  least  soluble.     It  is  also  used  for  the 

Btection  and  estimation  of  phosphoric  acid* 

Zinc 

Occurrence*  —  Zinc  compounds  are  not  very  abundant  but  are 

^mmercially  important  because  the  preparation  of  metalUc  zinc 

an   extensive   industry.     The   chief   ores   are   sphalerite,   ZnS, 

ithsonite,  ZnCOj,  frankHmte,   ZnCFeOj)^;    two   silicates,  cala- 

la,   Zn3(OH)iSiOi,   and   willenutei   ZniSiOi,    and    zinc    spinelt 

i(AIO,)t, 

History.  —  Zinc  alloys,  particularly  brass,  appear  to  have  been 
known  from  the  very  earliest  times,  though  without  the  recogni- 
tion of  the  presence  in  them  of  a  metal  other  than  copper.  The 
distinct  recognition  of  the  metal  as  a  definite  substance  seems  to  be 
due  to  Paracelsus  (16th  century),  but  it  was  not  manufactured  as 
a  separate  metal  in  Europe  until  1721  (by  Henkel).  It  was  im* 
jrted  much  earlier  from  China, 

Preparation,  —  The  preparation  of  »inc  by  the  older  method 
consists  essentially  of  two  steps  —  the  conversion  of  the  ore  to 
the  oxide  and  the  latter  to  the  metal  by  reduction.  The 
»inc  is  suflSciently  readily  volatilized  so  that  it  is  distilled  from  the 
retorts  in  which  the  oxide  is  reduced.  The  zinc  which  first  deposits 
in  the  earthenware  receivers  is  sublimed  in  finely  divided  form  and 
is  known  as  zinc  dust.  Zinc  dust  is  usually  very  impure  and  be- 
sides other  metals  contains  also  zinc  oxide.  When  the  receivers 
become  warm  the  linc  vapors  condense  to  a  liquid  which  is  drawn 
off  into  molds.  The  plates  so  formed  are  known  as  spelter.  Spelt^^r 
is  usually  quite  impure^  containing  carlwn,  arsenic,  cadmium. and 
other  impurities.  These  can  be,  for  the  most  part,  removed  by 
rediatiUatioD,  using  various  reagents  to  assist  the  proceei.     (Abegg 
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VoK  II,  part  11,  p.  314.)     Pure  sine  may  also  be  prepared 

electrolytic  deposition  of  spelter  on  pure  «inc  sheets.     Zioc  iti 
prepared  by  direct  eleetrolysis  of  its  soluble  salts.     This  proeMl 
employed  on  a  large  scale  in  Great  Falls,  Montana. 

Properties.  —  Zinc  is  a  bluish-white  metal  of  a  specific  grav 
which  varies  according  to  previous  treatment  from  6*7  to  7.Z 
is  polymorphous,  and  besides  two  crystalline  forms  may  be  anio 
phoua,  Its  physical  properties  vary  therefore  according  to  th 
form.  The  ordinary  metal  as  it  appears  on  the  market  is  partl^ 
crystalline,  partly  amorphous.  If  cooled  slowly  from  the  liq^ 
state  it  is  highly  crystalline,  hard  and  brittle;  at  from  100**  to  15 
it  is  malleable  and  is  readily  rolled.  Above  150°  it  again  becoma^ 
brittle.  It  melts  at  419°  and  if  cooled  suddenly  is  malleable, 
cause  amorphous.  The  molten  zinc  is  denser  than  the  solid 
about  2  per  cent.  When  molten  zinc  is  poured  into  water  it  solKfi* 
fies  into  irregular  pieces  known  as  granulated  or  as  massy  ddc. 
Zinc  boils  at  about  920°  and  the  vapor  density  (sp.  gr,)  varies  from 
2.41  to  2.36  at  14W.  Zinc  is  therefore  monatomic  as  a  gas.  Zinf 
tarnishes  readily  in  moist  air  and  forms  a  basic  carbonate  which 
aJhcres  firmly  and  protects  the  zinc  from  further  corrosion,  Wto 
heated,  zinc  burns  with  a  bluish  flame,  forming  a  fluffy  wUte 
oxide  (philosopher*s  wool).  Zinc  does  not  react  with  boiling  water 
but  at  red  heat  rapidly  decomposes  steam.  It  is  not  readily  dis- 
solved by  dilute  acids»  probably  because  the  hydrogen  reJeasd 
forms  a  protecting  film  of  gas,  but  impure  zinc  is  dissolved  rapidly^ 
(C/.  p.  56.)  Zinc  amalgamated  with  mercury  is  leas  rapidly 
dissolved  by  acids,  since  the  supply  of  zinc  on  the  surface  is  kept 
up  by  a  slow  process,  diffusion.  Zinc  also  is  soluble  in  alkalies, 
forming  zincates»  e.g.,  Zn(ONa)a.     (C/.  p.  57.) 

Vsesn  —  Zinc  is  used  in  enormous  quantities^  about  a  millioa 
tons  per  year,  chiefly  for  three  purposes.  In  batteries,  dry  cell?. 
Bunsen,  Daniell  and  other  forms;  in  alloys  of  which  the  chief 
ie  brass,  and  as  a  protective  coating  for  iron.  Of  these  the  hist 
IS  the  most  extensive.  Iron  so  protected  is  known  as 
iron  and  may  be  prepared  by  electrolytic  deposition  of  zinc 
iron  (hence  the  name).  It  is  much  more  cheaply  prepared 
dipping  sheets  of  iron,  carefully  cleaned  in  sulfimc  acid,  in  molt 
zinc.  A  third  and  more  recent  process,  known  as  sherardizinje,' 
ponsistfl  in  heating  the  iron  in  drums  at  SOO^^eW  with  zinc  dust. 
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Am*  Electrochemical  Soc.^  21,  p.  561).     Zinc  is  also  used 
sheet  fonn  for  roofing  purposes  and  for  architectural  orna- 
lents.     In  the  laboratory  it  finds  extensive  use  as  a  means  of 
Bnerating  hydrogen  and  for  sundry  other  purposes* 

Compounds.  Zinc  Halides*  —  While  all  the  halides  of  smic 
knowa  they  offer  no  special  points  of  interest  except  in 
ie  case  of  the  chloride,  ZnClj,  which  has  been  prepared 
anhydrous  form  and  also  with  1,  1.5,  2,  2,5,  3,  and  4 
aolecules  of  water  of  crystallization.  In  the  anhydrous  form 
can  be  obtained  by  burning  the  metal  in  a  stream  of 
ilorine  gas  but  not  by  evaporation  of  chloride  solutions  pre- 
pared by  solution  of  the  metal,  oxide^  or  carbonate  in  hydro- 
ohloric  acid  {cf.  magnesium).  The  salt  is  deliquescent  and  also 
rery  soluble  (2080  g,  per  liter  of  water).  It  melts  at  290°  and 
sils  at  730"^  and  can  be  used  for  high  temperature  baths^  in  iron 
iressels.  It  is  a  caustic  and  antiseptic  and  is  used  for  the  preserva- 
ion  of  wood,  especially  for  railroad  ties  in  dry,  or  fairly  dry,  regions, 
this  connection  it  functions  by  reacting  with  albumen  to  coagu- 
ite  it.  Either  in  solution  or  in  the  fused  state  it  acts  upon  the 
tides  of  metals  to  form  readily  fusible  compounds  and  is  therefore 
ed  as  a  flux  in  soft  soldering  by  plumbers.  The  strong  solution 
^of  the  chloride  mixed  with  zinc  oxide  solidifies  to  a  hard  compact 
insoloble  mass  which  is  utilized  as  a  cement,  especially  in 
dentistry. 

Zinc  Oxide  and  Hydroxide,  —  Zinc  oxide  is  made  by  burning 
zinc,  or  by  heating  the  basic  carbonate.  It  is  also  found  in  im- 
pure form  in  nature  as  zincite.  It  is  manufactured  on  a  very 
large  scale  for  use  as  a  pigment,  zinc  white  or  Chinese  white. 
It  turns  yellow  when  hot  and  glows  with  an  intense  light  when 
Ignited,  The  ignited  oxide  is  phosphorescent.  When  mixed 
with  linseed  oil  it  forms  an  excellent  paint  which  docs  not  blacken 
when  exposed  to  sulfides.  It  is  therefore  used  in  vast  amounta 
for  interior  work,  and  the  so-called  **  enamel "  paints.  Vast 
amounts  are  also  used  in  rubber  manufacture,  especially  as  a 
"  filler  "  for  automobile  tires.  It  possesses  antiseptic  properties 
and  hence  is  used  as  a  constituent  of  zinc  ointment.  Zinc  per- 
oxide, ZnOt,  is  also  prepared  and  used  in  certain  brands  of  anti- 
septic soaps.  The  oxide  does  not  react  with  water  to  form  the 
hydroxide,  but  the  latter  can  be  prepared  by  double  decompo- 
aition  of  the  salts.    The  hydroxide  is  amphoteric  and  reacts  with 


I 


ds  and  bases  to  form  salts,  the  latter  known 

these,  cobalt  zincate,  CoZnOi,  is  known  as  '*  Riiun&iio^ll 

green/ ^     Zinc  hydroxide  is  only  slightly  soluble  and  is  only  aligbtl 

ionized.     We  may  express  the  system 

Zn**°  +  OH' 
Zn(0H),4=fcZn(OH), 

solutioD 


The  solubility  of  zinc  salts  in  ammonium  hydroxide  is  not 
to  the  amphoteric  character  of  zinc  but  to  the  fact  that  it  fc 
complex  ammonia  ions,  Zn**°(NH4)*  like  those  of  copper,  silvefij 
cadmium,  cobalt  and  nickel  iq,v,). 

Zinc  Carbonate. — ^The  normal  carbonate,  ZnCOj,  is  found  m' 
nature  and  may  be  precipitated  from  solutions  of  soluble  iId^ 
salts  by  sodium  bicarbonate.  With  neutral  alkali  carbonaifli 
a  basic  salt  is  precipitated  which  varies  in  composition  (cf.  ma^ 
nesium  carbonate). 

Zinc  Sulfate.  —  This  salt  is  known  as  white  vitriol,  2ZnS0i* 
7HjO.  It  is  prepared  commercially  by  roasting  sphalerite, 
ZnS  +  20s  — *  ZnSOi.  Like  Epsom  salts  and  the  other  hydiated 
sulfates,  it  can  be  had  in  several  degrees  of  hydration  and  the 
last  molecule  of  water  is  not  removed  at  100**.  It  is  used  as  a 
medicine;  in  calico  printing;  in  glue  manufacture;  to  make  litho- 
pone  {q^v.)i  in  battery  solutions,  etc. 

Vitrioh  und  iBomorphhm.  —  There  are  several  sulfates 
which,  like  zinc  sulfate,  crystallize  with  seven  molecules  of  water 
and  are  so  related  to  each  other  that  a  mixture  of  their  soluttoDS 
when  crystallized  forma  a  single  set  of  crystals.  Such  sets  of  crystals 
are  said  to  be  isomorphous  {tao^  ^  equal  and  ^6p4*v  =  form).  This 
set  is  called  vitriols  from  "  oil  of  vitriol "  or  suUuric  acid.  Tta 
other  vitriols  are; 


MgS0i.7HA 
copperas), 

MnSOi-7HiO, 
(blue  vitriol). 


BeSOi-THtO,    FeS04-7HsO  (green  vitriol  or 


NiS0i-7H,0,  CoSO4-7H,0andCuSO4-7Ht0 


The  latter  sulfate  when  crystallized  alone  is,  CuSO^  •  S^O.    Su< 
sets  of  isomorphous  crystals  are  not  uncommon  and  this  reUl 
has  played  an  important  part  in  the  histor)'  of  chemistry. 


iueifl 
tioflr" 
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Substances  are  considered  isomorphotja  whcri^  like  the  vitriols, 
&y  crystallize  in  like  crystalline  forms  and  when  crystallized  to-  : 
ther  the  crystals  are  made  up  of  varying  proportions  of  the 
imponents  of  the  solutions.  In  general,  also,  crystals  of  a  given 
ibstanre  will  increase  in  size  when  imniersed  in  solutions  of  iso- 
^rphous  salts.  Isomorphism  was  first  studied  by  Mitscherlich 
1818,  and  with  the  result  that  he  considered  isomorphous  sul> 
mces  as  made  up  of  the  same  number  of  atoms  combined  in  the 
le  manner.  This  hypothesis,  usually  know^n  as  the  law  of 
Dmorphisra,  was  accepted  by  Berzelius  and  used  by  him  aa  a 
lide  in  the  selection  of  atomic  weights.  The  chemical  importance 
of  the  isomorphism  was  over-emphasized  in  that  it  was  assumed, 
though  not  by  Mitscherlich,  that  isomorphous  substances  were 
necessarily  made  up  of  similar  elements.  (Mitscherlich  himself 
Baidi  **  the  crystalline  form  is  independent  of  the  chemical  nature  of 
the  atoms  and  is  determined  solely  by  their  number  and  mode  of 
combination/*)  In  spite  of  the  failure  to  connect  chemical  prop- 
erties closely  with  isomorphism,  a  knowledge  of  isomorphic  rela- 
tions is  of  practical  importance,  since  in  fractional  crystallization 
it  is  obviously  impossible  to  separate  isomorphous  substances.  It 
is  also  possible  to  anticipate  the  character  of  impurities  of  a  homo- 
geneous material  from  a  knowledge  of  the  isomorphous  substances. 
A  few  isomorphous  groups  besides  the  vitriols  are  the  alums  iq*v.), 
the  alkali  salts  of  phosphoric,  arsenic  and  antimonic  acid,  the 
eullides  of  silver,  lead  and  copper  (CuaS),  certain  carbonates  of 
calcium,  magnesium^  iron  and  manganese,  the  sulfates  of  barium, 
strontium  and  lead,  etc. 

Occasionally  substances  w^hich  crystallize  in  more  than  one  form  i 
{e,g,f  in  either  the  rhombic  or  monoclinic  systems)  may  form  two 
series  of  isomorphous  salts.     This  phenomenon  is  known  as  iso* 
dimorphism. 

Zinc  Sulfide.  —  The  sulfide  of  zinc  is  of  special  interest  since  it 
is  the  only  ordinary  sulfide  which  is  white,  and  is  the  form  in  which 
zinc  is  isolated  in  the  course  of  qualitative  analysis.  When  zinc 
salts  in  solution  are  treated  with  ammonium  sulfide^  ZnCU  4- 
(NHOa  S  v±  ZnS  +  2NH4CI,  the  sulfide  formed  being  quite  insol- 

♦■ 
ie,   18  precipitated.     If,   however,   we  treat  solutions  of  zinc 
Ita  with  hydrogen  sulfide  the  sulfide  is  but  partially  precipitated, 
ice,  before  it  can  begin  to  precipitate,  the  concentration  of  zinc 
ions  and  of  sulfur  ions  must  exceed  the  solubility  product  for  zinc 
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Bulfide*  At  thf*  beginning  we  have  a  fairly  large  concentratian  rfj 
zinc  ions  and  of  sulfur  ions  hot  as  the  reaction  proceedSi 

ZnClj  +  H,S  -^  ZnS  +  2HC1, 

the  accumulation  of  acid,  and  therefore  of  hydrogen  ions,  depr 
the  ionization  of  the  hydrogen  f^ulfide  to  a  point  where  Zn^^  xS"<K  j 
and  no  further  formation  of  sulfide  can  occur.     If  to  such  a  systoaJ 
in  equilibrium  is  added  a  salt  of  a  weak  acid,  €.g\,  sodium  acetate, [ 
the    reaction    NaCjHA  +  HCl  -*  NaCl  +  HCHaOs,    withdniinj 
hydrogen  ions  and  more  sulfide  forms.     On  the  other  hand,  if  to  i| 
aiinc  salt  a  small  excess  of  acid  be  added  hydrogen  sulfide  produ 
no  precipitate.     This  relation  is  of  importance  in  quaht&tive 
alysis.     (C/.  Stieglitz^  Qual.  Analysis^  VoI»  I,  p.  204  ei  9eq.) 
sulfide  is  used  as  a  pigment  but  not  alone.     If  barium  sulfide  is ' 
added  to  a  solution  of  zinc  sulfate^  a  mixture  of  barium  sulfate  ani 
xinc  sulfide,  known  as  Uthopone,  results  which  is  extensively  used 
as  ft  pigment.     It  is  cheaper  than  white  lead  (g.r.)  and  zinc  oxid«, 
but  is  not  so  durable. 

Other  Salts  of  Zinc.  —  Zinc,  being  typically  metallic  in  cliars^ 

ter,  can  of  course  form  salts  with  practicaUy  all  acid  radicals  and 
many  of  these  have  special  appUcation  of  some  particular  scienti- 
fic interest.  Their  consideration  lies  beyond  our  present  scope. 
(C/.  Friend,  Abegg  and  other  handbooks.)  There  remains  only 
for  special  mention  the  tendency  of  zinc  compounds  to  form 
double  salts.  We  have  a  large  group  of  double  halidesp  cyanide*iT 
sulfides,  etc*,  etc.     (C/.  aluminium  double  salts,) 

Cadmium 

Occurrence^  Itistary  and  Preparation*  —  Cadmium  docs 
occur  free  and  is  usually  found  associated  with  zinc  ores,  and  1 
rarely  to  an  extent  exceeding  0.5  per  cent.  Greenockite,  CdS 
the  only  mineral  form,  usually  found  as  an  efflorescence  on  sphal* 
erite.  The  name  was  originally  used  for  zinc  ores  and  when 
Stromeyer  in  1817  found  an  oxide  of  a  new  element  in  the  flue  dust 
of  a  zinc  smelter  he  adopted  the  old  name  for  the  new  element.  It 
is  usually  prepared  as  a  by-product  in  the  zinc  industry  since 
first  product  of  the  distillation  of  zinc  ores  contains  most  of  the  c 
mium  as  a  mixture  of  metal  and  oxide.  This  crude  cadmium  is  con- 
cent  rated  by  redistillation,  with  carbon,  at  a  low  temperature  and 
finally  by  electrolysis.    In  the  electrolysis  the  partiaUy  refined 
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aium  is  used  as  an  anode,  cadmium  chloride  or  sulfate  as  the 
ilcctrolyte  and  pure  cadmium  as  a  cathode  {cf,  preparatioo  of 
lOpper).  Cadmium  and  zinc  may  also  be  separated  by  the  pre- 
lipitation  of  the  former  as  the  sulfide,  which  is  insoluble  in  dilute 
^cids  (f/  zinc  sulfide),  and  subsequent  conversion  of  the  sulfide  to 
aetallic  form. 

Properties  and  Uge».  —  Cadmium  is  a  white  metal,  specific 
jravity,  8.54  to  8,67.  It  melts  at  320.2''  and  boils  at  780**.  It  is 
aalleable  and  ductile  at  room  temperature.  It  oxidizes  slowly  in 
►he  air,  forming  a  thin  oxide  film.  It  burns  on  heating  in  the  air. 
The  specific  gravity  of  its  vapor  is  3*94  at  1040**.  Its  molecule  ia 
herefore  monatomic.  It  dissolves  in  acids  less  readily  than  ainc. 
iVere  it  not  for  the  use  of  cadmium  in  the  manufacture  of  fusible 
lUoys  it  would  be  included  among  the  rare  metals.  The  most  im- 
)ortant  of  these  alloys  is  Wood's  metal  (q.v.)f  which  is  used  in 
lafety  fuses  in  electrical  circuits  and  in  automatic  sprinklers  for 
ire  protection. 

Compaunds  of  Cadmium,  —  The  compounds  of  cadmium  are 
lumerous  and  in  many  cases  their  properties  have  been  very  care- 
'uUy  investigated.  Since  their  uses  are  very  limited  only  very 
>rief  mention  of  a  few  will  be  made.  The  chloride,  CdCli  *  2HjO, 
s  efflorescent  and  does  not  hydrolyze  to  the  same  extent  as  zinc 
chloride.  The  bromide  and  iodide  find  limited  uses  in  photogra- 
[>hy.  The  hydroxide  and  oxide,  Cd(OH)s  and  CdO,  are  formed  as 
%re  those  of  zinc.  The  sulfate,  CdSOi  •  8HaO,  is  not  isomorphous 
irith  the  vitriols.  Cadmium  salts  form,  like  those  of  zinc,  a  long 
series  of  double  salts  of  the  halides,  cyanides,  sulfates,  etc.  The 
most  characteristic  compound  of  cadmium  is  the  sulfide,  CdS, 
t^hieh  not  only  serves  for  the  final  identification  of  the  element, 
but  is  also  used  as  a  yellow  pigment.  It  is  insoluble  in  water 
ind  is  precipitated  along  with  the  second  group  metals,  provided 
the  solution  is  not  too  strongly  acid.  If,  however,  the  solution  is 
strongly  acid  the  system, 

Cdi;  +  HaS  ^  CdS  4-  Hja:, 

reaches  equilibrium  before  the  solubility  product  of  CdS  is  reached. 
Cadmium  not  infrequently,  therefore,  passes  over  into  group  III 
Sknd  interferes  with  the  separation  of  zinc  and  manganese  (see 
malitative  analysis).     Cadmium   ions  show  no  amphoteric  ten- 
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dency  and  hence  the  sulfide  does  not  dissolve  in  ammonium  sulfide 
In  the  usual  course  of  qualitative  analysis  (g.».)  cadixuum 
copper  ions  are  found  in  solution,  together  with  an  excess  of  \ 
monium  hydroxide.  The  failure  of  cadmium  to  prectpiiata 
the  hydroxide  is»  as  in  the  case  of  copper  {q,v,)j  due  to  the  for 
of  the  complex  ion,  Cd(NH3°°)i,  which,  unUke  that  of  cof 
colorless.  When  potassium  cyanide  is  added  to  this  solution  «f 
get  a  transfer  of  both  the  copper  and  cadmium  to  the  oeptiTi 
ion.  e.g..  CdCNHal^COH),  +  4KCN  t±  K^CdrCN)^  +  2KOH  +  4X0^ 
The  double  cyanide  is  to  be  regarded  as  forming  a  reversibto  i 

KtCd(CN)4  t=i  2KCN  +  Cd(CN),. 

In  so  far  as  Cd(CN)2  is  present  it  furnishes  cadmium  ions  and  inooch 
sequence  when  hydrogen  sulfide  is  added  cadmium  sulfide  is  fonnd 
to  an  extent  exceeding  its  solubility  product,  and  hence  is  p^^ 
cipitated.  Attention  should  be  called  to  the  existence  of  cadmoof 
compounds,  CdtO,  CdOH^  CdCl,  etc,  because  of  their  aoalofiT 
with  the  corresponding  compounds  of  mercury  (q.v,), 

Mercuby 

Occurrence  and  History ,  —  Mercury  occurs  native  in  lonie 
localities  in  pockets  in  the  rocks^  but  for  the  most  part  it  is  found 
in  the  form  of  cinnabar,  HgS.  The  chief  sources  of  supply  d 
mercury  are  Spain,  Italy,  Austria  and  Cahfornia.  It  has  beeJi 
known  since  at  least  300  B.C.,  when  mention  of  it  is  clearly  msde 
by  Tbeophrastus,  The  name  hydrargyrum  is  from  vH^  «  liquiii 
and  Qpyvpm  -  silver,  Uquid  silver,  which  when  Latinized  become^ 
hydrargyrum,  hence  our  symbol  Hg.  Mercury  was  well  known 
to  the  later  alchemists,  by  whom  it  wajg  regarded  as  an  element 
{qf.  p.  3}  representing  the  property  of  volatility.  Being  volatile 
with  heat  it  was  called  mercury  after  the  fleet-footed  messenger 
of  Jove,  and  was  syrobolized  by  the  heralds'  wand,  8,  which  bv 
the  astrologers  was  used  to  indicate  the  planet  Mercury, 
fact  that  mercury  amalgamates  so  readily  with  gold  and 
and  that  consequently  when  minerals  were  digested  with  me 
and  the  mercury  then  volatilized  gold  and  silver  were  obtained 
undoubtedly  contributed  largely  to  the  widespread  and  longj 
enduring  beiief  in  the  transmutation  of  metals  and  the  **  ennobling 
effect  of  the  action  of  fire  on  heating  substances  with  mercui 
The  physiological  effects  of  mercury  and  its  compounds  are 
marked  that  they  were  carefully  investigated  by  the  iatrochemistj! 
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id  hence  mercury  compounds  played  an  important  part  in  the 
riy  development  of  chemistry  as  a  science* 


Preparation,  —  Mercury  is  readily  prepared 

[>m  cinnabar  by  heating.      Dissociation  readily 

surs  and  the  mercury  volatilizes  and  can  be 

>nden&ed  in  suitable  receivers  while  the  sulfur 

to  the  dioxide  and  is  allowed  to  escape, 

le  apparatus  used  for  the  purpose  varies  widely 

ccording  to  time   and   locality   of   production. 

The  product  obtained  by  direct  volatilization  is 

Bually  contaminated    by    traces   of  lead,   zinc, 

idmium  or  other  metals  and  may  be  partially 

|mrified  by  filtration  through  chamois  skin  bags. 

the  laboratory  the  same  result,  the  removal 

solid  imparities,  is  sometimes  secured  by  fil- 

ration  through  paper  perforated  by  pin  holes. 

emoval  of  soluble  impuritias  is  accomplished  by 

pstillation.     A  frequently-used  laboratory  device 

ar  removal  of  the  base  metal  impurities  is  shown 

Fig,  107*     The  mercury  is  delivered  in  the 

of  a  fine  spray  into  dilute  nitric  acid^  5  per 

mtf  or  a  solution  of  ferric  chloride.     Perfectly 

mercury  may  be  secured  by  distillation  in 

vacuo. 


Fio.  107. 


Properties^  —  Mercury  is  a  silver  white  liqind  metal.  In  thin 
films  it  is  violet  by  transmitted  light.  Its  specific  gravity  is  13,6 
at  0**C.  It  solidifies  to  a  malleable  solid  at  -38,85"*  of  sp.  gr. 
14*1932.  It  boils  at  357°.  At  ordinary  temperatures  it  has  a 
small,  though  measurable,  vapor  tension.  This,  coupled  with 
its  high  specific  weight,  accounts  for  its  use  in  many  connections 
(vide  infra).  Mercury  as  a  liquid  is  a  good  conductor  of  the  first 
class.  The  unit  of  resistance,  the  *'ohm/*  is  that  offered  by  1.06 
meters  of  mercury  of  a  cross  section  of  1  mm.  The  vapor  is  a 
much  poorer  conductor  (vide  infra).  The  metal  is  not  oxidized  by 
air  at  room  temperature  nor  is  it  attacked  by  acids  as  such.  Dilute 
nitric  acid  acts  slowly  upon  it,  giving  mercurous  nitrate,  while 
concentrated  acid  yields  mercuric  nitrate.  It  is  not  affected  by 
alkaline  hydrojddes.  The  most  important  property  of  mercury 
is  the  extent  to  which  it  reacts  with  other  metals  to  form  alloys. 
These  are  known  as  amalgams.     Their  formation  dosdy  resembles 
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the  formation  of  ordinary  solutions.  Heat  in  considerable  quaJh 
tity  is  frequently  evolved.  The  freezing  point  of  mercury  H 
always  lowered  aa  in  other  solutions  by  small  additions  but  il 
cert-ain  points  in  the  freezing  point  curv^es  there  are  **  knicks" 
indicating  the  formation  of  definite  compounds.  In  certain  caas 
these  are  sufficiently  stable  to  remain  after  the  excess  of  meitai7 
is  driven  off,  e.g.,  if  a  solution  of  potassium  in  mercury  is  heated 
to  440^,  there  remains  a  residue  having  the  composition  Hg8» 
It  would  seem  then  that  mercury  dissolves  other  metals  to  few 
definite  compounds  and  also  acts  as  an  ordinary  solvent,  whatev^ 
that  may  mean.  Mercury  has  an  atomic  weight  of  200.  This 
value  is  derived  from  the  molecular  weight  of  its  volatile  oooh 
pounds  and  from  the  combining  weight,  established  by  analjss 
of  the  chlorides,  the  oxide,  etc.  The  atomic  weight  so  reached 
corresponds  also  to  that  called  for  by  the  isomorphie  relatioiy 
with  salts  of  copper  and  of  lead,  The  vapor  of  mercury  has  i 
molecular  weight  corresponding  to  the  atomic  weighty  i,e.,  it  i« 

monatomic  and  the  ratio  ^  =  L67.    This  is  important  as  evi- 

dence  for  assuming  mon-atomicity  of  the  noble  gaaes  iqf,  p,  278). 


Uses,  —  Mercury  is  used  very  extensively  as  a  liquid  indicator 
of  temperature,  not  alone  because  of  the  wide  range  of  tempera- 
ture, on  each  side  of  the  normal,  within  which  it  remains  hquid 
but  because  of  the  fairly  uniform  cubical  expansion  at  different 
temperatures.     Its  great  weighty  and  its  non-corrosion  in  the  air, 
render  it  very  useful  for  barometers,  and  for  pendulums,  govcr-   | 
nors,  etc,  etc.     It  is  used  to  a  very  great  extent  in  metallurgj'    ' 
in  the  isolation  of  gold  and  silver.     Its  most  extensive  use  is  ic 
the  formation  of  amalgams  which  serve  an  enormous  variety  of 
purposes  ranging  from  the  coating  of  electrodes  to  prevent  "  lor^ 
action  "  to  the  manufacture  of  amalgam  fillings  for  teeth  and 
the  coating  of  cheap  mirrors.     One  of  the  interesting  uses  is  in 
the  manufacture  of  sodium  and  sodium  hydroxide  by  an  elec-« 
trolytic  method  (q.v.).    Mercury  is  also  used  to  prepare  a  wide 
variety  of  compounds,  medicinal  and  otherwise. 

Compounds,  The  Halides.  —  Mercorj^  forms  two  series  d 
compounds  of  very  different  properties  in  one  of  which  the  metal 
is  univalent,  in  the  other  bivalent.  Both  the  chlorides  are  valu- 
able, the  monochloride,  HgClj  calomeli  being  prepared  by  pre- 
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ipitation  of  merciirous  nitrate,  HgNOs,  by  soluble  chlorides,  or 

^y  subliming  a  mixture  of  mercury  and  mercuric  chloride,  HgClt 
+  Hg  — +  2HgCl.     In    the    sunlight    this    reaction    gradually    re- 
rerses.    The  substance  volatilizes  without  melting,  i.e.,  it  sublimes. 
[*he  ordinary  vapor  density  corresponds  to  the  formula  HgCL 
There  is  some  diaaociation  into  Hg  +  HgCl^  and  much  valuable 
Ime  and  effort  have  been  expended  in  attempting  to  demon- 
trate   that  mercury   is  always   divalent  and  that  the  calomel 
[AS  the  formula  CI— Hg— Hg— CI  or  HgaCU.    The  demonstration 
rf    this  much    mooted    but    rather   unimportant   question   still 
Bmains   somewhat    unsettled,    but    the    perfectly   dry   salt   ap- 
ears   to   give   a   vapor   density   corresponding   to   the   doubled 
|ormula.     The  substance   is  much   used   medicinally  because  of      m 
s  purgative  action  and  its   general   stimulating   effect  on   the     f 
ecretions   of   the   body.     It   is   also   used   in    making   standard 
lectrodes,    etc*  *(g,t?.).     Mercmic    chloridet    HgClj^    known    as 
irrosiTe  sublimate,  is  prepared   by  heating  mercuric  sulphate     ■ 
ith  sodium  chloride.     To  prevent  any  mercurous  chloride  being     ■ 
formed  a  little  manganese  dioxide  is  also  added.     The  chloride 
iublimes  as  a  white  amorphous  mass.     Needle-like  crystals  may 
be   obtained    by   crj^stalKzation   from   hot   solutions.     Like   lead 
ehloride    the    solubility    of    mercuric    chloride    mounts    rapidly     ■ 
prith    the   temperature.     The   substance   is    a   virulent    poison 
ind  coagulates  albumen.     The  antidote  is  white  of  egg  which 
|orms  with  the  poison  an  insoluble  mass  which  is  then  removed 
from  the  stomach  by  the  use  of  an  emetic.     The  chloride  is  much 
used  as  an  antiseptic  for  various  purposes,  including  the  washing 
of  surgeon's  hands  and  instruments.     Usually  for  such  purposes 
a  solution  of  one  part  to  two  to  three  thousand  of  water  is  used. 
It  is  also  frequently  used  as  a  vermifuge.     Both  the  chlorides      M 
show  a  tendency  to  form  double  salts,   particularly  the  latter,      ■ 
which  are  much  used  for  taxidermic  solutions,  etc.     With  am- 
monia  an   interesting   case   of   substitution   takea   place.     With      M 
^^^mel  we  have  I 

^^^  2HgCl  +  NH4CI  -»  NHiHgiCl  +  2HCI.  ^M 

^This  10  known  as  black  precipitate*  It  is  quite  possible  that  the 
substance  decomposes  into  the  mercuric  derivative  and  mercury, 
and  that  the  black  color  is  due  to  the  latter  in  finely  divided  form, 
HgjNHjCl  — ^  Hg  +  HgNHaCK     The  last  mentioned  substance  ia 
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known  us  white  precipitate  and  is  formed  when  ammonia 
to  mercuric  salts.  This  behavior  of  ammonia  with 
compoiinds  is  not  limited  to  the  chlorides.  When  mercuric  ! 
a  biilliant  scarlet  powder,  is  treated  with  an  excess  of  pot 
iodide  a  double  salt  is  produced,  2KI  +  Hgit  — ►  KfHgli  (N« 
ler's  Solution).  This  is  so  Uttle  dissociated  in  the  direction  *—  I 
Hg**  is  with  difficulty  detected  in  the  solution.  Witli  ammooi&c 
its  salts  complete  substitution  of  hydrogen  by  mercury  takes  | 
2KsHgl4  +  NH4OH  +  3K0H  -^  7KI  +  4HiO  +  NHg,I.  or 
simply,  2HgI,  +  4NH3  -*  3NH4I  +  NHg,L  The  latter  is  a 
insoluble  brown  substance  and  its  formation  is  the  most  delic 
test  for  ammonia.  Mercurous  iodide  is  not  stable  but  decom|] 
spontaneously  into  mercury  and  mercuric  iodide.  Mercuric  iodid 
occurs  in  two  crystalline  forms,  which  belong  to  diflFerent  crystftfliBi' 
systems.  The  tetragonal  crystals  are  formed  by  sudden 
of  the  iodide  which  has  been  heated  for  some  time  at  the  mdti 
point  223**,  On  standing,  or  with  agitation,  the  yellow  crystals  \_ 
over  with  evolution  of  heat  to  the  more  stable  red,  or  monodiniCi 
variety.  This  is  also  the  explanation  of  the  change  of  the  ydlo» 
precipitate  to  the  red  on  standing.  This  is  another  instance 
of  the  principle  of  transformation  by  steps.  The  same  diflferenct 
of  color,  and  probably  the  same  explanation,  occurs  with  the 
oxides. 

Oxides  of  Mercury.  —  There  are  two  oxides,  Hg^O  and  Hgi^< 
They  are  formed  by  precipitation  of  the  corresponding  salts  with 
bases.  Doubtless  the  hydroxide  is  first  formed  and  decomposes 
spontaneously  into  the  oxide. 


Hg(N08)t  +  2NaOH 
Hg(OH), 


►  Hg(OH)t  +  2NaNO,, 
HgO  +  H,0. 


The  mercurous  oxide  decomposes  under  the  influence  of  light,  1 
100°,  into  mercury  and  oxygen  while  the  mercuric  oxide  must 
heated  to  50<F600'^,  The  mercuric  oxide  is  formed  by  calciniog 
mercury  in  the  air,  Hg  +  O  — >  HgO,  at  about  350*^.  This  is  histori- 
cally a  very  interesting  reversible  reaction  since  the  **  mercuri\w 
calcinatus  per  se  "  was  heated  by  Priestley  to  first  prepare  oxygea 
and  the  calcination  itself  used  by  Lavoisier  to  demonstrate  tlw 
composition  of  the  air  and  the  nature  of  combustion.  (C/.  p.  26.11 
Both  the  red  and  yellow  oxides  are  used  in  pharmacy.  The  yelloi 
variety  is  formed  by  precipitation  of  mercuric  salts  with  bases  j 
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ages  to  red  on  heating;   hence  the  name  sometimes  employed, 

Bd  precipitat-e."  ' 

SuMdes  of  Mercury,  —  Mercurous  sulphide  is  unstable  and  at 

iperatures   of    10"^   or  above   breaks  down    spontaneously   into 

Brcuric  sulfide  and  mercury.    Co^stallized  mercuric  sulfide  oc- 

in  nature  as  cinnabar  and  may  be  formed  by  subliming  the 

ck  sulfide  fonned  by  precipitation.    The  red  variety  is  clearly 

stable  and  the  black  the  metastable  form.    Both  forms  are 

tremely  insoluble  in  water  or  acids  but  with  nascent  chlorine 

jua  regia),  or  other  oxidizing  agents,  sulfur  is  displaced  and  more 

ly  soluble  compounds  produced*    The  red  form  is  used  under 

name  vermilEon  as  a  pigment  and  is  more  stable  and  brilliant 

red  lead  since  it  is  not  so  readily  affected  by  atmospheric  con- 

tions,  but  is  not  suitable  for  iron  or  other  metallic  structures  by 

jn  of  the  place  of  mercur>"  in  the  electromotive  series  (q.v.). 

he  sulfides  of  mercury  show  a  tendency  to  fonn  complex  insoluble 

during  precipitation,  which  are  of  various  colors.     For  ex* 

aple,  if  mercuric  nitrate  is  treated  very  slowly  with  hydrogen 

ide  a  series  of  precipitates  may  form,  varj^ing  from  white  to  yellow 

and  black.     The  colors  are  due  to  partial  transformation 

f  sulfide,  €,g., 

2Hg(N0,),  +  H^  -  Hg,(NO.)^  +  2HN0^ 

magnesium  basic  carbonate.)     The  formation  of  sulfides  by 
iment  of  soluble  salts  with  hydrogen  sulfide  is  itself  a  secondary 
tion  analogous  to  that  of  the  decomposition  of  the  hydroxides. 
drogen  sulfide  being  a  weak  dibasic  acid  may  be  considered  as 
_  izing  only  to  KS  -*  H**  +  HS'.     With  mercury  ions  we  should 
then  expect*  Hg(HS)2,  but  instead  we  get  Hg(HS)2  ^  HgS  +  HjS. 
'  This  is  wholly  analogous  to  the  general  behavior  of  hydroxides, 
with  the  difference  to  be  expected  that  the  sulfhydrides  are  uni- 
formly less  stable  than  the  hydroxides. 

Mercuric  Cyanide  and  Other  Nitrogen  Compounds.  —  The 
cyanide  is  fairly  soluble  in  water.  It  is  formed  by  treating  fresh 
mercuty  oxide  with  hydrocyanic  acid.  It  is  a  poison  and  hence 
a  good  antiseptic.  It  has  come  recently  into  extensive  use  as  an 
aDtiseptic  for  surgeons'  hands  and  instruments,  the  reason  being 
that  in  solution  it  is  so  ver>'  little  loniEed  that  no  displacement  of 
the  mercury  by  the  metals  of  the  instruments  takes  place.  With 
two  such  poisonous  factors  as  mercury  and  cyanogen,  it  might  be 
expected  to  be  virulently  poisonous,  but,  probably  by  reason  of  its 
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slight  ionization,  It  is  less   poisonous   than  oorroeive  8ubliinit&] 
Mercuric  cyanide  when  heated  yields  cyanogen. 

Hg(CN),  -*  Hg  +  (CN),, 

The  corresponding  sulfocyanate^  Hg(CNS)t,  is  used  for  the  mana*] 
facture  of  the  toy  "  Pharaoh^s  Serpents/*  Apparently  the  sul/urJ 
present  burns  and  by  retison  of  the  low  temperature,  maintained  by  I 
reajson  of  the  escape  of  nitrogen,  the  kindling  temperature  of  carboa| 
is  not  reached*  A  voluminous  mass  of  carbon  and  mercury  j 
Fulminating  mercury,  so  extensively  used  in  the  preparati<i 
percussion  caps  for  cartridges,  shells,  dynamite,  etc.,  is  madil 
treating  mercuric  nitrate  with  alcohol.  It  is  mercuric  isocyaa&Ut  I 
Hg(CNO),. 

Other  Salts  of  Mercury,  —  Of  course,  a  wide  variety  of  other  J 

salts  of  mercury  exist  and  find  more  or  less  varied  applieatjon£«  [ 
The  nitrates  HgNOs  and  Hg(NOa)a  are  usually  the  starting  point  la  1 
the  demonstration  of  the  properties  of  the  mercuric  and  mercuroui 
ions.  The  carbonates  readily  yield  carbon  dioxide,  oxygen  and 
mercury  on  heating,  Mercurous  sulfate,  Hg2804»  is  used  in  the 
preparation  of  standard  cells  of  the  Weston  type.  Mercury  forniB 
a  large  number  of  complex  compounds  of  the  **  molecular  **  type 
and  especially  with  ammonia.  These  have  been  investigated, 
particularly  by  E.  C,  Franklin.  They  are  of  particular  interesi 
because  they  emphasize  the  analogy  between  ammonia  and  water 
as  reagents. 


Bertluum 

Occurrence f  History  and  Preparation*  —The  element  h^yllium 
occurs  IB  the  mineral  beiyl,  BeiAIs(8iGi)A,  of  which  varieties  are  the  jewels,  omenld, 
the  color  due  to  traces  of  chromium,  and  aquamarine.  Other  miBeral  forms  iff 
chrysoberyl,  or  cat's  eye,  Be(A10i)a,  phanaclte,  BeaSiO*^  and  other  still  rarer 
forms.  It  waa  first  iflolated  by  Wohler  in  182S,  by  reduction  of  the  chloride  by 
potasBium,  but  the  recognition  of  a  new  ^'earth"  in  beryl  waa  by  Vauquelin  in  179S, 
Tlie  name  glucina  (from  yXvicu^  =  sweet)  was  given  it,  by  reaaoD  of  the  fact  tbi* 
its  eolyblo  aalte  have  a  sweet  taste.  The  term  beryllia  for  the  oxide  and  of 
berylliuEn  for  the  element  have  almost  entirely  diaplaoed  the  older  terms,  tbou^ 
we  still  encoynter  the  symbol  Gl.  It  ia  also  prepared  by  electrolysis  of  the  dilO' 
ride  ((^.  magnesium).  Because  of  the  similarity  of  the  behavior  of  the  oxide  nod 
hydroxide  of  beryllium  with  (hone  uf  uluminium^  it  was  suppoeed  to  be ii  trrn* 
lent  element  and  fiinct:  iU  equivalent  weight  m  1.55  its  atomic  weight  i 
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:>  be  13,6.  This  seemed  especially  rcasonabte  since  its  specific  heat  is 
abotit  0.425,  which  by  Dulong  and  Pet  it's  law  gives  a  product  of 
1.425  X  13.5  —  5.SS,  a  value  fairly  close  to  the  atomic  heat  mean  (see  p.  lOS). 
bere  was,  however,  a  vacant  space  in  series  1  of  the  periodic  system  for  a 
bivalent  element  (2  X  4.55)  and  Mendelcjeff  did  not  hesitate  to  assign  beryl- 
Biim  to  this  place,  a  ooncluston  conhnned  when  in  1884  Nilson  and  Petteittson 
bowed  the  vapor  density  of  the  chloride  to  be  at  high  temperatures  (842^)  2  J93. 

Properties  and  Uses,  —  As  the  preceding  paragraph  would  imply »  the 

"element  has  properties  which  relate  it^  not  only  to  membefa  of  the  second,  but 
also  to  the  third  group.  It  is  a  hard  bright  metal,  malleable  and  more  stable  in 
the  air  than  is  magn^um.  It  is  soluble  in  a(;ids,  except  nitric  acid  (t/.  alumin* 
ium).  Its  hydroxide  is  weakly  acidic  in  nature  (r/.  aluminium),  and  dissolves  in 
strongly  basic  solutions,  but  it  repreci  pita  ted  by  boiling.  lis  sails  readily  hydro- 
lyse  (cf.  MgCU)^  Its  carbonate  is  unstable  both  towards  heat  and  in  aqueous 
solution.  Its  salts  give  no  color  to  the  Bunsen  iame  nor  to  the  borax  or  pho«^phate 
bead.  In  general,  the  metal  and  its  salts  find  no  uses  other  than  thai  mentioned 
above,  as  gems.  This  fact  is  probably  due,  not  to  the  lack  of  valuabJe  properties 
I  much  as  to  the  rarity  of  its  natural  forms  and  the  coat  of  preparation  of  artificial 
It  is  the  least  abundant  and  also  the  least  kniOWD  of  the  elements  of  the 
first  aeries  of  the  periodic  system. 

Analytical  Relations,  —All  the  metals  of  the  sub-group  form  colorless 
oxm.  None  of  them  form  colored  phoephatea  or  borates  and  henee  give  no  bead 
test  (r/.  p.  305  and  p.  380).  Magnesium  forms  only  bivalent  ions  and  its  double 
salts  all  show  the  presence  of  the  positive  ion.  While  its  carbonate  is  insoluble 
ID  water,  it  is  soluble  in  the  presence  of  ammonium  salts  (cf,  p,  472)  and  this  fact 
distinguishes  magnealiun  compounds  from  those  of  the  calcium  family.  The 
mixed  salt,  magnesium  ammonium  phosphate,  is  the  least  soluble  salt,  at  least 
when  ammonium  salts  are  present,  and  is  used  for  the  detection  and  estimation 
of  the  element. 
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Atomic  weight 

Specific  gravity... 
Atomic  volume. . . 

Melting  point 

Boiling  point 

Specific  heat  —  | 


BtryLLium. 


9.1 

1  8.5 

4  9 

1000" 


0  3766  at  0** 
0  6206  at  500* 


Mwsa— ium 


24  32 
1  75 

13  9 

1120° 
2456  at  0^ 
2519  at  50 


•I 


Zine. 


CadmiutD, 


65.87 

6  J>-7  2 

9  29 

419** 

916** 

0.0007 


112.4 
86 
13  0 
320  2^ 
TSO** 

0.05S5 


Mareniy. 


2006 

13.5956 

14  9 
-38  85* 
357  3* 

0.039 


^^       Zinc  itius  arc  di.«itingujshed  by  the  fact  that  while  with  sulfide  '\ons,  sine  sulfide 
I      is  formed,  the  sulfide  is  soluble  in  dilute  acid.     Mercury  and  cadmium  both  form 
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sulfides  insoluble  in  water  and  dilute  adda,  the  latter  being  more  readily  aotobk 
In  the  case  of  merourous  bos,  with  both  chloride  and  sulfate  Jotis  inaolubk  laht 
are  formed. 

Beryllium  sulfide  \s  hydrolyjed  by  water  and  the  hydroxide  is  formed  ikmf 
with  those  of  the  third  group.  It«  Dej&rest  analytical  relation  being  alununiain. 
from  which  it  is  distinKuiahed  by  the  fact  that  on  boiUng,  the  beryUates,  94^ 
Be(ONa)f,  are  hydrolysed,  while  aluminates  are  not.  It  will  be  seen,  then,  ChU 
mercuroufl  salts  relate  themselves  to  the  first  analytical  group  (see  p.  396)^  mereuric 
salta  and  those  of  cadmium  to  the  second  groups  beryllium  and  stoe  to  the  third 

Exercises*  —  1.  Formulate  the  reactions  which  take  place  be- 
tween magnesium  chloride  and  water  and  iron  in  a  steam  boiler. 
What  are  the  ultimate  components  of  the  scale  formed? 

2.  Magnesium  forms  double  8alt«  and  yet  these  show  the 
characteristic  reactions  due  to  magnesium  ions.     Explain. 

3.  Why  can  we  not  determine  definitely  whether  basic  ca^ 
bonates  of  magnesium  are  pure  compounds? 

4.  Suppose  water  to  contain  450  parts  per  million  of  calcium 
acid  carbonate.  How  much  slaked  limc>  Ca^OH)],  per  thousaDd 
gallons  of  water  would  have  to  be  used  to  just  soften  the  water? 
In  case  the  water  contained  also  250  parts  per  million  of  calcium 
sulfate,  CaS04,  how  much  sodium  carbonate  should  be  added  per 
thousand  gallons?    Assume  that  a  gallon  of  water  weighs  8.35  lbs. 

5.  Compare  the  physical  and  chemical  properties  of  mag* 
nesium  with  those  of  calcium  and  zinc.  To  which  of  these  is 
magnesium  more  nearly  related?     Give  your  reasons  in  fulL 

6.  Given  a  solution  containing  magnesium,  cadmium  and  line 
salts,  how  could  you  prepare  from  it  samples  of  pure  oxides  of 
each  metal? 

7.  59,20  grams  of  mercuric  oxide  yield  54.82  grams  of  mercury. 
The  weight  of  mercury  vapor  per  liter  under  standard  conditions  is 
8.923  grams.  The  gram  molecular  volume  of  mercury  compounds 
containing  the  smallest  amount  of  mercury  contains  two  hundred 
grams.  Calculate  the  formula  of  mercuric  oxide,  the  atomic 
weight  and  the  molecular  weight  of  mercury, 

8.  Review  the  properties  of  dilute  nitric  acid  and  then  formu- 
late its  reactions  on  mercury  and  on  xinc. 

9.  Formulate  the  reactions  between  rinc  chloride  and  the 
acid  and  neutral  carbonates  of  sodium  and  explain  why^  with 
the  latter  salt,  basic  carbonates  are  formed. 

10.  How  do  solid  isomorphous  mixtures  of  two  salte  differ 
from  double  salts?     From  a  mixed  salt? 
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11.  Gold  leaf  suspended  over  mercury  but  not  in  contact 
with  it  becomes  amalgamated.    Why? 

12.  Zinc  may  be  precipitated  practically  completely  from  zinc 
chloride  solutions  by  hydrogen  sulfide  if  sodium  acetate  be  added 
in  sufficient  quantity.  Formulate  the  reactions  and  state  three 
other  salts  which  might  be  u^ed  instead  of  an  acetate  and  why 
they  would  effect  the  same  result. 

13.  If  the  vapor  density  of  beryllium  chloride  is  2.793  and 
the  equivalent  weight  of  this  element  is  4.55,  calculate  the  maxi- 
mum atomic  weight  of  the  element  and  state  its  valence.  What 
other  evidence  of  its  valence  is  available? 

14.  Beryllium  carbonate  hydrolyzes  somewhat  in  the  presence 
of  water.    Why?    Formulate  the  equilibrium. 
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CHAPTER    XXVIII 

ELECTROCHEMISTRY 

The  frequent  references  in  previous  pages  to  the  relation  be* 
tween  chemical  activity  and  electrical  energy  have  to  a  certftio 
degree  indicated  its  importance  in  the  study  of  cheniistry.  As 
with  other  forms  of  energy,  electricity  may  be  either  produced 
or  absorbed  during  chemical  change  and  it  is  therefore  poflsihle 
to  consider  the  relation  from  this  point  of  view.  We  may  defim 
electrochemistry  as  the  topic  which  deals  with  the  facts,  general- 
izations and  theories  concerning  the  conversion  of  chemical  energy 
into  and  from  electrical  energy.  In  the  subsequent  dlscus^on  of 
this  topic  we  nhall  use  the  terms  which  have  come  into  use  largely 
through  the  application  of  the  hypothesis  of  ionization  (q,v*)  and 
shall  leave  to  a  later  chapter  the  discussion  of  the  nature  of  elec- 
trical energy  {vide  Electron  Theory), 

Electrical  RelatiofiB.  —  Chemical  changes  which  liberate  energy 
in  any  form  are  usually  spontaneous  (p.  42)  and  we  ascribe  the 
source  of  the  energy  to  the  transformation  of  chemical  energy 
into  some  other  form.  Under  ordinary  circumstances  the  free»i 
energy  appears  in  the  form  of  heat.  Under  special  circumstances 
it  may  wholly  or  in  part  appear  as  light  (p.  445)  or  as  motion 
(p.  352).  Under  proper  circumstances  likewise  chemical  energy 
may  be  converted^  wholly  or  partially,  into  electrical  energy. 
Such  reactions  may  be  called  exoelectrical  and  are  a  special  variety 
of  the  general  type  of  exothermal  changes.  As  with  eicothermal 
changes  in  general,  so  exoelectrical  changes  may  be  either  syn- 
thetic or  decomposition  processes.  The  importance  of  exoelet** 
trical  changes  to  chemistry  is  perhaps  less  than  that  of  the  converse 
by  reaaon  of  the  recent  enormous  development  of  electrochemical 
industry  utilizing  electrical  energy  which  is  produced  by  means 
other  than  chemical,  {e,g,,  from  water  or  st.eam  power);  exo- 
electrical processes  are  not  only  vastly  useful,  in  many  directions 
in  technical  ways,  but  are  especially  important  because  of  their 
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elation  to  the  develupmeDt  of  both  electrical  and  chemical  theory 

infra). 
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nistory*  —  Despite  a  few  isolated  earlier  observations,  the  de- 
velopment of  electricity  through  chemical  change 
may  be  said  to  dale  from  the  observation  by 
Galvani,  in  1790,  that  frogs'  legs  connected  at 
two  different  points  by  means  of  a  metal  conductor 
contracted  sharply,  especially  when  the  conductor 
was  made  up  of  two  different  metals.  The  first 
real  development  followed,  however,  from  the  in- 
vention of  the  voltaic  pile  by  Volta,  in  1799. 
This  consisted  of  a  series  of  alternate  pairs  of 
copper  and  »inc  plates  separated  by  cloth  moist- 
ened with  sulfuric  acid  or  salt  water.  (Fig.  108.) 
After  some  years  the  source  of  the  electrical 
energy  was  shown,  chiefly  by  Faraday^  to  be  the 
conversion  of  the  zioc  into  sulfate.  The  use  of 
the  pile  by  Berzeliua  (1803  et  seqj)  and  by  Davy 
(1806  et  seq,)  in  endoelectrical  reactions  stimulated 
very  greatly  the  study  of  electrochemical  reactions. 

The  attempt  to  detail  the  historical  steps  leading  to  our  present 
knowledge  and  views  would  involve  much  discussion  and  may  well 
be  deferred  until  the  student  tako^  up  the  study  of  electrochem- 
istry as  a  special  topic,  except  so  far  as  these  steps  are  revealed  in 
the  subsequent  topics,  or  have  been  already  mentioned  (p.  167) < 
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The  Measurefnent  o/  Electrical  Energy^  —  As  already  men- 
tioned (p.  77)  it  is  convenient  to  resolve  the  various  sorts  of  energy, 
where  possible,  into  two  factors  such  that  their  product  represents 
e  total  energy;  The  intensity  factor  determines  whether  a  trans- 
rence  of  energy  will  take  place;  the  quantity  factor  determines  to 
hat  extent.  The  quantity  factor  of  electricity  is  usually  expressed 
in  coulombs,  the  intensity  factor  in  volts,  and  the  total  energy, 
coulombs  X  volts,  in  joules.  If  we  wish  to  express  rate  of  transfer 
of  electrical  energy  we  use  the  terms  ampere  (—  1  coulomb  per 
second)  and  watt  (=  I  joule  per  second).  (C/.  p.  169.)  Any 
instrument  which  by  passage  of  an  electric  current  registers  the 
number  of  coulombs,  or  fractions  thereof,  passing  per  second  is 
called  an  ammeter,  and  the  usual  device  for  this  purpose  is  illustrated 
I  Fig.  109. 


I 


INORGANIC  CHEMISTTIY 


Similarly  any  device  which  registers  the  difference  of  potential, 
E.M,F.,  between  two  points  in  an  electrical  circuit  is  known  as 
a  voltmeter.  (Fig.  110.)  (For  details  of  construction  of  these 
instruments  consult  physics  text-books,) 

If  we  desire  to  ascertain  the  quantity  of  electricity  without 
reference  to  time,  the  instrmnent  employed  is  called  a  coulomet^r. 
(Fig.  ill. ) 
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The  Voltaic  CelL  —  When  Einc  is  treats  with  copper  sulfate  the 

reaction  indicated  is  Zn  +  CuSO*  ->  ZnSOi  +  Cu  +  209,910  joul^ 
This  energy  evolution  ordinarily  manifests  itself  as  heat,  but  if  ve 
arrange  the  conditions  properly  we  may,  instead,  obtain  electricity, 

I  Thus,  we  may  place  a  plate  of  zinc  m  zinc  sulfate  and  of  copper  in 
copper  sulfate,  as  indicated  in  Fig.  112,  and  if  the  xinc  and  copper 
Ion 
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a  conductor  (cf,  p.  166),  and 
through  an  ammeter,  a  current 
flow  will  be  indicated,  and  if  by 
means  of  a  voltmeter  the  ciu^ 
rent  intensity  be  measured  ii 
will  be  found  that  when  65  g- 
of  zinc  have  gone  into  solution 
and  63.6  g.  of  copper  are  d^ 
posited  the  total  energy  liber- 
ated in  electrical  form  is  almost 
exactly  209,910  joules  (i.«, 
1.0962  volts  times  196,540  cou- 


lombfi  -  215,447.  Any  arrangement  by  which  the  chemical  energ^v 
of  a  reaction  may  be  so  converted  into  electrical  energy  is  called  a 
voltaic  cell.  It  does  not  follow  always  that  as  in  the  above  case^ 
the  Daniell   cell,  the  transformation  is  so  nearly  exact.     On  the 
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contrary,  such  is  seldom  the  case  because  part  of  the  energy  may 
be  liberated  in  the  form  of  heat,  in  which  case  the  cell  rises  in  tem* 
perature  while  delivering  current,  or  it  may  be  that  as  the  cell 
works  external  energy  in  the  form  of  heat  is  also  converted  to 
electrical  energy  and  the  temperature  of  the  cell  falls,  as  is  the  case 
in  the  Daniell  cell.  Cells  may  therefore  have  either  a  positive  or 
a  negative  heat  coefficient. 

Voltaic  cells  are  variously  classified  according  to  convenience, 
and  it  will  suit  our  present  purpose  to  consider  two  types,  the  difi- 
placement  cell  and  the  concentration  celL 

^P  The  Displacement  Cell,  —  We  have  seen  that  the  order  of  the 
^netals  is  the  same  when  we  consider  the  rate  at  which  they  displac 
hydrogen  from  water  or  from  acids  so  far  as  they  do  so  at  a 
(p.  54  et  seq,).  We  have  also  seen  that  when  the  metals  are  arranged 
in  the  order  in  which  they  will  displace  each  6ther  from  their 
we  get  the  series  given  on  page  390.  When  we  consider  these 
elements  with  reference  to  thermal  relations  we  find  that  the  heat 
of  formation  of  a  given  salt  is  greater 
the  higher  the  metal  in  the  series,  and 
that  in  the  displacement  of  one  metal 
by  another  the  heat  hberated  is  the 
greater  the  farther  apart  the  metals  in 
the  series.  It  follows,  then^  that  if  we 
can  arrange  the  reactions  so  that  a  part 
or  all  of  the  energy  can  be  converted  to 
electricity  that  any  displacement  reac- 
tion can  be  made  to  furnish  a  voltaic 
cell.  This  result  can  be  secured  if  the 
arrangement  be  as  indicated  in  Fig.  113. 
Every  cell  must  consist  of  two  electrodas  connected  ejcternally  by  a 
conductor  of  the  first  class  and  internally  by  one  of  the  second  clasa 
(p.  166).  The  total  electrical  energy  delivered  will  depend  upon  the 
"  heat  of  formation  ''  of  a  given  compound,  less  that  which  is 
converted  actually  into  heat.  The  rate,  i.e.,  the  E.M.F.,  will 
depend  on  the  relative  positions  of  the  elements  functioning  in 
the  reaction.  The  explanation  of  these  relations  in  terms  of  the 
ionization  hypothesis  lq*v.)  is  as  follows: 

The  Nernst  Hypothesis. — The  metals  possess  an  inherent 
tendency  to  go  into  solution  as  ions,  i.e.,  they  have  a  solution 
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tension.     This  tendency  is  greatest  in  the  case  of  caesii 

least  ID  the  case  of  osmium.  When  metaJs  go  into  doluti 
ionic  charge  is  positive.  In  the  case 
non-metals  there  is  ako  a  solution 
but  the  ions  formed  are  negative,  and  th( 
ency  is  least  with  silicon  and  great 
fluorine.  From  Faraday's  laws  (p.  167  am 
172)  it  follows  that  the  ionic  charge  is  t 
same  as  the  valency.  When,  then,  a  metal 
placed  in  water  a  solution  tends  to  form  fo 
sisting  of  free  ions  of  the  metal;  but  «x 
equilibrium  is  reached,  due  to  the  chai^  i 
veloped  on  the  residual  metal.  For  ex^opl 
with    zinc    and   water    we    may  picture 

situation  as  in   Fig.   114.     The  zinc  is  negatively   chart 

the  solution   surrounding    it    ts    positive.     It    follows    then 

when  we  have  a  solution  already  containing  zinc  ions  they 

a  tendency  to  separate  out  as  metallic  zinc  and  according  t 

osmotic  theory  this  tendency  should  be  greater 

as  the  concentration  of  zinc   ions  increases. 

This  is  called  the  precipitation  or  deposition 

pressure*     If  then  we  immerse  a  zinc  stick 

in    a   solution    of   zinc   sulfate   we   have   an 

equilibrium   set   up   between    these    opposing 

tendencies    Zn  ^  Zn*^**,    The    same    remarks 

apply  also  to  all  other  metals.     If  now  we 

have  a  concentration  of  ions  of  a  given  metal 

of  greater  deposition  pre^nre  than  corresponds 

to  the  solution  pressure  of  the  same  metal  it 

follows    that    were    the    metal    immersed    it  jl 

would  become  coated  with  charged  metal  ions    (see   Fig.  iiP 

This   hypothesis   is   known   as   the  Nemst   solution    hypotbi^ 

(first  annomiced  in   1889). 
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Single  Potentiah*  —  In  fact,  if  any  metal  b  immerBedj 

solution  normal  with  respect  to  its  salt  it  is  possible  to  me 
the  potential  by  means  of  the  de\'ice  shown  in  Fig.  116  (a  calomi 
electrode  against  a  single  electrode)*  (In  making  such  meaflisn 
ments  it  is  first  essential  to  secure  a  basis  of  comparison, 
has  been  considerable  difference  of  opinion  as  to  what  is  the  i 
convenient  zero  point  and  no  absolute  unifonnity  of  usag 
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Obtains*     On  the  basis  of  the  above  hypothesis  a  hydrogen  elec- 

rode   (vide  electrochemistry   texts)   should   have  a  potential  of 

Bro  and  in  the  following  considerations 

taken  as  such. 

Measured  against  a  hydrogen  elec- 
ade  a  calomel  electrode  (A  in  Fig. 
[16)  gives  a  potential  of  —0.283  volts. 
""he  calomel  electrode  is  made  up  of 
metallic  mercury  covered  by  calomel 
(HgCl)  and  a  normal  solution  of  po- 
tassium chloride.  It  is  essentially  half 
a  cell  and  when  connected  with  an- 
other electrode,  as  indicated,  and  the 
C.M.F.  of  the  combination  determined, 

e  potential  of  the  single  electrode  can  be  determined.    In  this 
ray   the   potential    developed    by   various    elements   in   normal 
lutions  of  their  salts  have  been  determined  and  are  as  given  in 
e  following  table: 


Cb. 
Rb. 

K -(3. IS) 

Na -(2,82) 

U. 

Btt -(2.81) 

Sr -(2.76) 

Oft -(2.55) 

Mk -1.48 

Al -1.276 

Or. 

Mn -1.075 

Zn -0.770 

Cd -0.420 

Fe ,..  -0.340 


Electrode  Pateatials 

Co -0.232 

Ni -0  228 

Sn.. -0.192 

Pb -0.148 

H. .,..,..  0.000 

Sb. 

Bi. 

As +0.29 

Cu 4-0.329 

Hg +0.750 

Ag +0,771 

Pd. 

Pt. .......  +0.863 

Au +1,079 

It. 


Hd. 
Oa. 

Si. 
C. 
B. 
N. 
Se, 
P. 
8. 

1 +0.520 

Br +0,993 

O.......    +1.23 

a +1.417 

F. 


Tl_ -0.322 

Where  in  the  above  table  no  values  are  given  no  accurate  data  on  electrode 
[»tentials  are  ayaitable,  but  the  position  of  the  elements  is  that  arrivod  at  from 
|her  data.    The  potentiate  of  the  more  active  tnetak  (those  bracketed)  and  of 
~tlke  non-metals,  are  also  not  directly  detormmed.    Tbe  values  are  in  do  case 
_§ooiirate  to  the  tbiid  decimal  place. 

A  voltaic  cell,  then,  considered  as  a  machine  for  converting 
leoiical  energy  directly  to  electrical  energy,  will  work  whenever 
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we  have  two  electrodes  of  diEFerent  potential  iininersed  in  an 
electrolyte  and  connected  externally  so  that  the  unequal  pol«>* 
tials  can  cause  a  movement  of  electrical  energ^^  and  wiJl  continue 
to  work  so  long  as  the  difference  of  potential  ia  kept  up  by  the 
chemical  changes  taking  place.  The  potential  of  the  cell  should 
therefore  be  the  algebraic  difference  of  the  poteatials  of  the  elo* 
trodes.  Thus  in  the  Daniell  cell  Zn  -  ZnSO^  -  CUSO4  -  Cu,  we  hw 
Einc  with  a  potential  of  —  0.770  and  copper  +  329*  or  1 .099,  tht 
directly  measured  potential  of  the  cell  being  1.0962.  Where  two 
electrodes  have  the  same  sign  the  potential  is  that  of  the  differ- 
ence between  them.  Thus  a  displacement  cell  of  Zn  — ZnSOj- 
CdSO*  -  Cd  wiU  have  an  E.M.F.  of  -  0.770  -  (-0,420)^  -0.35 
volt  and  the  current  will  flow  from  the  cadmium  through  the  wire  10 
the  jsinc  and  cadmium  be  deposited,  while  in  the  Cd  —  CdSOi  - 
CuSOt  -  Cu  cell  the  voltage  will  be  -  0.420  -  (+0.329)  ^  0.749  aiiii 
the  current  flow  from  the  copper  to  the  cadmiura,  and  copper  d* 
deposited.  In  general  the  magnitude  of  the  potential  of  a  cell  is 
the  greater  the  farther  the  metals  are  apart  in  the  electromotiw 
geries  and  is  not  affected  by  the  size  or  shape  of  the  electrode 
nor  by  the  amounts  of  the  solutions. 

Influence  of  Conceni ration.  —  It  follows  from  the  Ncmst 
hypothesis  that  since  cell  potential  is  determined  by  the  equilib- 
rium between  the  solution  and  deposition  pressures  that  the  mow 
concentrated  the  solution  of  a  salt  the  smaller  should  be  the 
negative  potential  and  the  greater  the  positive  potential  of  an 
electrode  which  is  immersed  in  it.  Thus,  silver  in  a  normal  solu- 
tion of  a  silver  salt  has  a  potential  of  +  0.771  and  in  an  ^/lO 
solutiou  +  0.713  volt  and  in  an  N/\00   solution  +  0.655  vt)lt 

Indeed  Nernst  has  shown  that  in  general  t  =  ir©  H — '—  log ;;' 

n  C 

where  to  =  potential  in  normal  concentration,  n  =  the  valence  of 

the  electrode  material  and  C  the  concentration  in  equivalents  of  j 

the  electrolyte.     (For  the  derivation  of  this  formula  see  texta  on  \ 

electrochemistry.) 

Polarisation*  — When  a  cell  is  made  of  two  electrodes  and 
electrolyte  each  electrode  of  course  develops  electromotive  fci 
Thus  a  cell  Zn  —  H1SO4  —  Ft  develops,  when  first  connected  up, J 
an  E.M.F.  of  more  than  L5  volts,  but  it  speedily  drops  back  to 
less  than  half  a  volt.     This  is  due  to  the  deposition  of  a  film 
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hydrogen  upon  the  platimun  which  not  only  substitutes  a  hy- 
3gen  electrode  in  fact  for  the  platinum  but  also  increases  the  iB- 
rnal  resistance  of  the  cell.  This  is  called  polarization  (see  also 
piectrolysis,  p.  172)  and  can  be  lessened  by  surrounding  the  positive 
electrode  of  the  cell  by  a  consumer  of  hydrogen.  This  is  accom- 
plished in  the  Bunsen  cell,  Zn  —  HiSO*  —  HNOj  —  C,  by  placing 
the  cathode  in  concentrated  nitric  acid  in  a  porous  cup.  The  nitric 
acid  oxidizes  hydrogen.  In  the  bichromate  battery  the  same  func- 
tion is  performed  by  the  chromic  acid.  In  the  Leclanch^  or  dry 
cejl  the  depolarization  ts  perforuied  by  manganese  dioxide  which 
surrounds  the  carbon  cathode,  (See  p.  417.)  In  such  cells  as  the 
Bunsen  or  other  *'  direct  action  "  cells  conversion  of  chemical  to 
heat  energy  is  partly  inhibited  by  amalgamation  of  the  active 
electrode* 


Influence  of  Temperature, — The  influence  of  temperature 

a  cell  is  that  which  is  to  be  expected  from  the  theorem  of  Le 
itelier.  If  a  cell  converts  a  part  of  the  chemical  energy  into 
it  its  temperature  will  rise  during  operation  and  consequently 
'  such  a  cell  be  heated  its  potential  will  diminish  and  have  a  nega- 
ive  heat  coefficient-  In  the  case  of  the  Clark  cell,  Hg  —  HgfSOi 
ZnSOi  —  Zn,  the  potential  of  w^hieh  is  L432S  v.  at  IS'*,  decreases 
y\xi  0.0012  volt  for  each  degree  rise  in  temperature.  In  the 
the  cell  lowers  in  temperature  while  working,  increase  of 
Bmperature  increases  the  potential,  and  the  cell  will  have  a  positive 
ieat  coeflScient.  Such  cells  are  less  common  than  those  w^ith  nega- 
tive coefficient.  The  cell  Cu-Cu(C2HA)t  -  Pb(C«H|Os)i  -  Pb 
has   a   positive   coefficient  _  _  ^^^ 

of  +0.0004  v,  per  degree.  fflBB  B^SfS?'^*^ 

The    Daniell    cell    has    a  mQQ  |^lag^/w#/»»t 

positive  heat  coefficient  of 
0.00003  V.  per  degree. 
Potential  measurements  of 
cells  are  usually  made  by 
comparison  with  a  known 

cell  by  means  of  a  poten-   c«Mi«»^^B  ^^^f"^^^*^ 

tiometer     or     similar     in- 
strument.     (See    Physical 
Measurement  texts,)     It  is 
therefore  convenient  to  have  as  a  standard  basis  of  comparison  a 
cell  which  has  a  constant  potential  and  with  but  &  small  tempera- 
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tare  coeflBcient.  The  one  most  eommonly  employed  is  the  Westoc 
ceU  (Fig.  117),  which  is  Hg  -  Hg,SOi  -  CdSO<  -  Cd.  It  has  m 
E.M.F.  of  L0183  at  20*"  and  a  negative  heat  coefficient  of  OOOOHt 
per  degree. 

Quantity  Factor.  —  It  will  have  been  obBervcd  tha  r  rvuh  ilem«it 
as  it  undergoes  a  chemical  changv  gives  rise  to  a  detinitr  quaiitit, 
electrical  energy  and  that  the  intensity,  the  electro<lci  poU 
varies  with  the  diflferent  elements.     In  a  similar  manner  the 
tity  factor,  the  number  of  coulombs,  varies  with  the  quantity  i 
material  undergoing  chemical  change.     It  is,  however,  importuslj 
to  note  that  there  is  a  definite  relation  between  this  quantity  ifKil 
the  equivalent  weights  of  the  elements.     An  equivalent  weight  of] 
any  metal  on  becoming  ionized  furnishes  exactly  the  same  quantity 
as  any  other,  viz.  96»500  coulombs,  which  quantity  is  called  a  Firi- 
day*    The  total  energy  is  different  since  the  potentials  of  the  del 
ments  vary.     The  rate  at  which  the  current  is  produced  cafl  bt 
varied  by  varying  the  surface  exposed  to  the  chemical  action  or  by  | 
any  other  condition  which  influences  the  rate  of  action. 

42ancentration  Cetls,  —  If  two  rods  of  zinc  be  immersed  in  * 
solution  of  a  zinc  salt  of  the  same  concentration  and  connected 

through  a  voltmeter  no  diffefence 
of  potential  should  be  observed. 
because  the  two  equal  forces  ntt 
acting  in  opposite  directions.  Ur 
however^  the  concentration  of  tiw 
solution  around  the  two  electrodes 
is  different  a  voltaic  cell  should  be 
produced  as  already  noted  on  p. 
39  L  The  potential  of  such  a  cell 
can  be  calculated  from  Nernst*8  fo^ 
nmla,  p.  498,  remembering  alwa>^ 
that  the  two  poles  are  oppoani 
The  most  interesting  consequence  of  this  relation  is  that  it  fur- 
nishes  a  means  of  calculation  of  the  concentration  of  a  salt  in  very 
dilute  solution.  For  example^  if  a  silver  electrode  be  placed  in  i 
normal  solution  of  silver  salt  and  electrically  connected  as  in  Rg. 
118,  with  a  solution  of  silver  chloride  the  magnitude  of  the  potejv- 
tial  makes  possible  at  once  the  calculation  of  the  concentration 
of  the  silver  ions  in  the  dilute  solution.  This  method  has  proved 
more  accurate  than  direct  measurement  of  solubilities* 
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AnothfT  consequence  of  the  concentration  cell  in  that  it  shows 
lie  order  of  the  element-s  in  the  difiplacement  series  (p.  497)  to  de- 
end  not  only  upon  the  relative  order  of  the  metals,  but  also  upon 
ancentration^  since  it  follows  that  as  the  concentration  of  a  solution 
ith  respect  to  a  given  ion  decreases  the  potential  of  an  electrode 

the  same  material  increases.  Thus,  while  in  the  electromotive 
arsenic  precedes  copper,  yet  if  copper  be  immersed  in  strong 
lution  of  an  arsenic  compound  the  positions  are  reversed  and  ar- 

lic  is  precipitated.  This  is  known  as  Reinsch's  test  (see  quali- 
Itive  analysis).     Another  ease  illustrating  the  same  point:     linc 

iron  displaces  copper  ions  from  solutions  of  copper  salts  under 

inary  conditions,  but  in  the  solution  of  KjCu(CN)4,  where  the 
jncent ration  of  copper  ions  is  exceedingly  small ^  no  displacement 

effected.  Indeed  the  order  may  be  reversed  and  both  copper 
ad  iron  will  precipitate  zinc  from  KiZn(CN)4.  From  considera- 
on  of  the  temperature  coefficient  it  will  be  evident  that  the  order 

the  elements  may  also  vary  somewhat  with  change  of  tempera* 


Couples.  —  It  follows  from  the  above  considerations  that  if  a 
Btal  while  reacting  with  acid,  or  other  reagent  capable  of  convert- 
it  into  ionic  form,  is  in  contact  with  another  element  below  it  in 
electromotive  series  we  have  a  voltaic  cell  and  the  rate  of 
action  is  increased,  since  the  movement  of  the  electric  current 
ads  to  carry  the  ions  from  its  surface  and  so  diminish  the  de- 
iition  pressure.  Also  gaseous  or  other  deposition  on  its  surface 
lessened  since  they  tend  to  deposit  on  the  less  active  metal* 
fe  have  in  the  relation  an  explanation  of  the  '*  catalytic  "  effect 
copper  and  platinum,  mentioned  on  p.  56,  and  also  of  the  lesser 
etability  of  metals  which  are  impure.  We  also  have  through  it 
an  explanation  of  the  protection  of  iron  in  boilers  and  otherwise  by 
means  of  zinc,  since  zinc  is  higher  in  the  series  than  iron  and  is 
sacrificed  to  save  the  iron.  Another  example  is  furnished  by  the 
more  rapid  rusting  of  tinware,  iron  coated  with  tin,  when  the  sur- 
face is  broken.   Tin  is  lower  in  the  electromotive  series  than  is  iron. 


I 


Endoelectrical  Relations 


Reactions  of  a  chemical  sort  are  frequently  accomplished  by 
utilization  of  electrical  energy.     These  reactions  may  be  called^' 
eadoelectricali  and,  like  their  converse,  may  be  either  synthetic  or 
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decompoaition  prooeseee.  Certain  phases  of  the«o  have  alrftid- 
received  somewhat  extended  treatment  and  the  student  is  request *•! 
to  reriew  what  has  already  been  said  concerning  the  lawa  of  Farmdar 
(p.  167),  the  general  fact«  of  electrolysis  (p.  \6H  et  seqV  V  '" 
pothe^is  of  Arrhenius  (p.  171  ei  seq*),  the  amounts  of  » 
upon  the  ions  (p.  172),  equilibrium  in  electrolytes  (p.  173),  *aJ 
the  degree  of  ionization  (p.  174).  It  is  the  present  purpose  to 
make  a  few  more  extended  observations  concerning  aonie  of  these 
topics  and  add  a  few  others  in  the  interest  of  a  more  completf 
survey  of  the  general  topic. 

The  Couiometer  and  Ammeter,  —  When  an  electrical  ciima* 
is  passed  through  certain  substances  decomposition   takes  pbot 
These  subetaoces  are  known  as  conductors  of  the  second  clasg*  or 
as  electrolytes,  and  the  process  of  decomposition  as  electrolysti. 
The  products  of  decomposition  appear  only  at  the  points  where  the 
electricity  enters  and  leaves  the  solution.     These  points  are  cslW 
electrodes.     By  convention  the  point  of  ingress  of  the  current  i* 
assumed  to  be  at  that  electrode  which  is  connected  with  the  podttvs  , 
pole  of  the  source  of  current,  the  anode,  and  of  egress  at  the  eto*  ] 
trode  connected  with  the  negative  pole  of  the  source  of  ciurent, 
the  cathode.     As  w^os  shown  by  Faraday,  the  amount  of  decom- 
position which  takes  place  depends  solely  upon  the  quantity  of  j 
electricity  which  passes  through  the  electrolyte.     The  most  cxwrt  I 
measurements  have  been  made  on  silver  salts  and  it  appears  that 
one  coulomb  deposits  0.001 1 175  g.  of  silver,  and  of  course  an  equity 
lent  amount  of  the  other  portion  of  the  salt.     The  equivalent  weight 
of  silver  is  its  atomic  weight  and  consequently  to  deposit  a  gmn 

107  88 
equivalent  of  silver  would  require  '         or  96^540  coulombs.] 

This  quantity,  called  a  Faraday,  will  then  liberate  an  equivalent 

weight  in  grams  of  any  substance.    The  equivalent  weight  of  oxygen 

is  8  and  so  w^ere  oxygen  liberated  by  the  current  one   coulomb 

8 
would  liberate    _         =  0.000083  g.   The  equivalent  weight  of  coppef 
96,540 

in  copper  sulfate  is  3L8  and  the  electrochemical  equivalent  of  which 
is  therefore  31.8  -^  96,540  -  0.0003294  g.  It  is  therefore  possible 
to  determine  the  quantity  of  electricity  which  passes  through  a  solu- 
tion by  measuring  the  quantity  of  material  decomposed.  An.v 
instrument  suitable  for  this  purpose  is  called  a  couiometer  (coul* 
omb-meter).     The  instrument  shown   in   Fig.  4  is  an  example. 


ELECTROCHEMISTRY 


503 


)rdinarily^  however,  it  is  rnore  couvenient  to  use  a  copper  or  a 
liver  couloraeter.     (For  the  conatruction  of  such  instruments  con- 
alt  text  on  physical-chemical  measurements.)     If  the  number  of 
^ulorabs  of  electricity  which  pass  through  a  roulometer  is  divided 
^y  the  time  in  seconds  the  quotient  is  the  rate  of  flow  and  is  ex- 
ed  as  amperes,  i.e.,  one  coulomli  per  second  is  one  ampere* 

Polarisaiion    and    DecotnpaMition     PotentiaL  —  Although 

jual  quantities  of  electricity  deposit  equivalent  quantities  of 
lie  ions,  it  does  not  follow  that  equal  quantities  of  energy  are 
icpended^  since  there  are  required  certain  minimum  potentials 
>r  diflferent  electrolytes  and  the  total  energy  expended  Ls  the 
:>duct  of  the  quantity,  coulombs,  times  intensity,  volts.  The 
itter  can  be  made  clear  by  a  consideration  of  the  following  ex- 
iple:  If  two  platinum  plates  are  inserted  in  a  solution  of  concen- 
ited  hydrochloric  acid  and  connected  through  a  voltmeter  no 
5tential  is  indicate.  If  now  the  two  plates  be  connected  with 
source  of  current  of  about  one  volt,  say  a  Daniel!  cell,  it  will 
found  that  at  first  a  current  passes  but  speedily  decreases 
Barly  to  zero.  This  is  assumed  to  be  due  to  the  separation  of 
jiydrogen  on  the  cathode  and  of  chlorine  on  the  anode,  which 
emselves  act  as  sources  of  potential  and  make  a  voltaic  cell, 
[  — HCl  — CI,  with  an  electromotive  force  acting  in  opposition 
that  of  the  impressed  current.  That  such  a  counter  electro- 
aotive  force  exists  can  be  demonstrated  by  cutting  out  the  Daniell 
and  joining  the  electrodes  through  a  voltmeter.  Moreover, 
imination  of  the  plates  will  show  the  presence  of  a  film  of  gas 
each.  This  production  of  a  back  electromotive  force  during 
Jectrolysis  is  called  polaiizatioii.  (The  same  situation  exists 
when  any  electrolyte  is  decomposed  except  that  the  magnitude 
of  the  back  electromotive  force  will  vary  according  to  the  material 
deposited.)  If  now  a  current  of  higher  potential  is  passed  through 
the  eeU  the  polarization  increases  until  the  electrodes  are  satu- 
rated with  the  gases  and  further  decomposition  results  in  the 
elimination  of  the  products.  This  represents  the  maximum 
polarization  value  and  the  minimum  decomposition  potential. 
For  hydrochloric  acid  this  is  found  to  be  1,36  volta.  When  i& 
current  of  less  potential  is  used  with  the  concentrated  acid  the 
back  electromotive  force  almost  completely  stops  the  current. 
The  minute  current,  called  the  residual  current,  which  continues 
to  pujss  ia  that  needed  to  maintain  the  i>olari2ation^  since  if  no 
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current  at  all  pasftes  the  plates  would  gradually  depolarize.  T^ 
decomposition  voUagies  of  certain  normal  aqueous  electrdjla 
are  shown  in  the  following  table: 


Decomposition  Potentials 
Volu. 

ZnSO* 2.35  H.SO*,. 

ZnBn 1.80  HNOi  ,. 

NiSOi,. 2  09  HjPO*. 

NiCi.   ........     .     1.85  HClOi 

Pb(NO,), 150  HCI 

AgNO,..., 0  70  HBr... 

CdSOt.... 1  9S  HI 

CdClj...... 1.88  NaOH.. 

OoSO* 192  KOH... 

OoCli 1.78  NH^OH. 


It  must  be  noted  that  in  the  above  table  the  values  are  fof 
normal  solutions  with  platinum  electrodes.  If  the  solutions  bt 
more  concentrated  the  decomposition  potentials  are  lower.  D 
electrodes  other  than  platinum  are  used  the  values  also  vary  for 
reasons  cited  below. 

It  should  be  noted  that  the  decomposition  values  for  the  oxygeo 
acids  and  bases  are  nearly  the  same.  This  is  because  the  produeU 
of  electrolysis  are  the  same,  viz,y  hydrogen  and  oxygen,  and  heneft 
we  are  really  obtaining  the  decomposition  potential  of  water, 
about  L67  volts. 

According  to  the  solution  tension  hypothesis  we  can  consider 
the  decomposition  potential  of  an  electrol}^  to  be  made  up  of 
two  factors  —  the  potential  required  to  force  cathions  to  give  up  , 
their  electrical  charges  plus  that  required  to  force  the  anions  to 
do  likewise*  This  should  then  be  the  converse  of  the  solution 
tension  (p.  4%)  and  have  the  same  value  as  the  electrode  poten- 
tials. If  hydrogen  be  taken  as  a  standard,  and  we  assume  that 
it  has  zero  solution  tension,  the  solution  tension  of  the  hydrox}'! 
ion  of  water  should  l>e  L67  —  0  —  L67.  In  a  similar  way  ITO 
can  gain  a  knowledge  of  the  intensity  of  fixation  or  electrodt 
potential  of  elements  or  of  radicals  not  directly  determinable. 
A  few  of  these  are  given  in  the  following  table  which  may  be  con- 
sidered  as  an  extension  of  the  table  of  electrode  potentials  given 
on  p,  497.    The  +  sign  indicates  the  impressed  voltage  needed 
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prevent  the  material  returning  t-o  the  ionic  form  when  the 
:>iution  is  of  normal  concentration. 


I +0.620 

Br...., +0  9»3 

0 +1,23 

CI +1.3X 


+  1.67 
+1,9 
+2.6 
+1 .75 


Two  rather  important  points  remain  to  be  considered.     When 

lution  of  a  salt  is  electrolyzed  with  deposition  of  the  metal  the 

Bcomposition  potential  must  be  increased  as  the  dilution  of  the 

kit  ion   increases.     This  is  strictly  in  accord  with  the  solution 

fnsion  hypothesis,  since  the  more  dihite  the  solution  the  greater 

back  electromotive  force.     The  increase  in  order  to  secure  a 

it  dilution  of  the  removed  ion  is  not  very  great  and  may  be  cal- 

lated  from  the  Nernst  formula,  ir  =  iro  +•  - — -  log  —  .     (C/.  p.  498.) 

n  C 

When  the  products  of  the  electrolysis  are  gaseous  the  decom- 

Dsition    potential    varies    with    the    different    electrode   material 

cause  the  concentration  of  the  gaseous  material   required  for 

ady  evolution   varies   not  only   with  different  electrodes  but 

ith  the  character  of  the  surface.     This  variation  as  a  rule  in- 

the  decomposition  potential  and  the  excess  of  potential 

)uired  is  known  as  ofer-foltage. 

Electrocheffiical  Analysis,  —  A  very  interesting  application  of 
these  relations  is  utUlzed  in  making  quantitative  separations  of 
the  metals.  This  may  be  illustrated  as  follows:  Suppose  we 
have  a  mixture  of  the  nitrates  of  cadmium,  lead  and  silver  in 
solution  in  water.  If  we  subject  this  solution  to  electrolysis 
[  using  a  current  of  a  potential  of  one  volt,  all  the  silver  will  deposit 
^^n  the  cathode  (decomposition  potential,  OJO  volt).  When  the 
^■ilver  is  removed  the  potential  is  raised  to  about  1.6  volts  and  the 
^Blectrolysis  continued.  The  lead  will  now  precipitate  and  when 
Hr^  deposition  is  complete  the  potential  may  be  raised  to  above 
2  volts  when  the  cadmium  also  deposits.  In  a  similar  manner 
other  mixtures  of  metal  salts  may  be  analyzed  by  proper  selection 
of  potentials. 

The  problem  of  electroanalysis  is  not  quite  so  simple  aa  it 

would  appear  from  the  above  since  it  is  also  necessary  to  regulate 

temperature  and  current  density  in  order  to  secure  coherent 

adherent  deposits.     By  current  density  is  meant  the  quantity 
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of  current  in  amperes  per  unit  surface  of  cathode  or  anode.  {F'^t 
details  see  texts  on  electroanalysis.)  This  method  of  det^rmi- 
nation  of  metals  is  used  especially  for  copper. 

The  modification  of  electroanalysis  used  for  metal  jniriflciliQft 
utilises  the  same  principles.     Id  such  cases  the  anode  is  m  abb  rf 
impure  metal,  and  the  c^ithode  a  strip  of  pure  metal.     In  the  ci* 
of  copper  the  copper  ions  deposit  on  the  cathode  and  the  amofli 
migrate  toward  the  anode,  but  so  long  as  the  potential  i^  bdov 
the  discharge  potential  they  do  not  lose  their  charge,  but  in«t«idj 
the  anode  material  ionizes  and  the  electrolyte  is  kept  at  confltAiil| 
concentration.     Since   there  is    no   polarization    the    eurrent  is*i 
tensity  is   kept   below   0.5  volt*     Metals  of  solution  tensioQ  los] 
than  +0,5  do  not  therefore  ionize  at  the  anode^  e.g.^  silver,  gM*\ 
etc.,  but  collect  at  the  bottom  as  anode  mud.     Those  of  greiliff 
solution  tension,  while  they  ionize,  do  not  deposit  on  the  cathode. 
Another    modification   of    large   industrial   importance  is  thitj 
of  electroplating,  particularly    with   silver  and    gold*     ThuB,  fdj 
example,   if  a  bath  of  silver  potassium  cyanide,   KAg(CN)«,  iij 
electrolyzed,  the  discharge  potential  of  potassium  ions  being  sol 
much  greater  than  that  of  silver  ions^  if  the  potential  of  the  ciM^i 
rent  be  not  too  great,  only  the  silver  ion  is  deposited  and  if  a  hm 
metal  cathode  is  used  it  may  be  coated  with  silver  and  if  the  anode 
is  silver  the  bath  is  kept  at  constant  strength.     The  current  po- 
tential must  be  at  least  0  J7  volt,  not  to  cause  the  silver  to  deposit 
but  to  effect  solution  at  the  anode. 


Conductance  (or  Conductivity),  —  The  resistance  of  oonduo* 
tors  of  the  first  class  is  proportional  to  their  length  and  inversely 
proportional  to  the  area  of  their  cross  section.  This  is  also  true 
for  conductors  of  the  second  class,  electrolytes.  The  specific 
resistance  of  an  electrolyte  is  therefore  defined  aa  the  resistance 
in  ohms  (p.  170)  of  a  column  of  the  electrolyte  1  cm.  in  length 
and  I  cm*  in  cross  section.  It  is  usual  for  the  chemist  to  consider 
the  relative  value  of  electrolytes  according  to  the  readiness  with 
which  they  conduct  the  current,  the  conductance,  rather  than 
the  difficulty,  the  resistance.  The  unit  of  conductance  is  then 
the  reciprocal  ohm,  sometimes  called  niho.  The  specific  con- 
ductance, K,  is  then  the  conductance  of  a  column  of  the  electrohie 
1  cm.  in  length  and  t  cm.  in  cross  section.  Since  pure  liquids 
are  as  a  rule  practically  non-conductors  and  the  conductivity 
of  solutions  depends  upon  the  solute  present,  it  is  more  convenieot 
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It  will  be  observed  that   the  specific  coDductance 
with  the  dilution  but  that  the  equivalent  conductance  (in 
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08868  given  the  molar  conductance  is  the  same  value)  incr 
up  to  a  certain  point  after  which  it  remains  nearly  constant, 
in  terms  of  the  ionization  hypothesis  is  the  point  of  amximu 
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[jnization  and  is  known  as  mfinite  dilution^  since  further  dilution 
have  practically  no  effect  on  the  ccinductance.  The  con- 
ictivity  at  infinite  dilutions  is  usually  represented  by  Xao  and 
lat  at  any  other  dilution  by  Xf-  The  effect  of  dilution  on  con- 
luctivity  is  also  shown  graphically  in  the  figure  (Fig,  119). 

The  chief  value  of  conductance  measurements  for  the  chemist 
in  the  fact  that  through  thena  we  can  most  readily  obtain 
ehable  figures  for  the  degree  of  ionization  of  electrolytes.  If, 
the  hypothesis  ajssumes,  the  conductance  depends  upon  the 
imber  of  ions  present,  the  speed  at  which  they  move  and  upon 
leir  charge,  we  may  assume  without  very  great  error  {c/.  p.  177) 
rith  a  given  electrolyte  that  at  a  fixed  temperature  the  speed 
pf  the  ions  is  not  greatly  affected  by  dilution  (see  hydration  of 
ans,  p*  511)  and  since  their  charge  (p.  172)  remains  constant 
[le  variation  in  conductance  at  different  dilutions  is  due  to  change 
the  number  of  ions.  It  follows  therefore  that  the  ratio  Xy/Xa 
the  ratio  of  the  number  of  ions  present  at  a  given  dilution  V 
the  raaidmum  number  which  may  be  present  at  infinite'dilu- 
ion.  If  then  Xao  can  be  determined  for  every  electrolyte  we 
ive  at  hand  the  means  of  learning  the  degree  of  dissociation  at 
ay  other  lesser  dilution.  Unfortunately,  while  some  electrolirtes 
increase  in  conductance  to  a  maximum  at  dilutions  where  the 
conductance  is  fairly  readily  determined,  this  is  not  always  the 
case.  Thus,  for  example,  the  conductance  for  acetic  acid  changes 
follows; 

Vinct 100    1000    10,000     100,000     1.000,000    10.000,000 

X 0.049    1.32      4.60         14.3  41  107 


k 


id  is  Btill  increasing.  At  such  great  dilutions  conductance 
easurements  are  unreliable  and  exact  determinations  of  Xx  are 
therefore  impossible.  Fortunately  there  is  a  method  of  learning 
the  value  of  X«  by  means  of  a  knowledge  of  the  migratioD  ratios 
of  the  ions.  For  this  reason,  as  well  as  because  of  flome  other 
important  deductionSi  the  topic  will  be  briefly  discussed. 


Migration  of  Ions.  — Since  electrolysis  of  an  electrolyte  causes 
the  deposition  of  equivalent  amounts  of  positive  and  negative  ions 
it  might  be  inferred  that  at  least  all  univalent  ions  move  at  the 
same  speed.  That  this  is  not  the  case  was  inferred  by  Hittorf 
(1859)  as  the  result  of  his  study  of  the  change  of  concentration 
around  electrodes  during  electrolysis  long  before  the  hypothesis  of 
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ionization  waa  reached.     It  will  not  be  necessary  in  this  ecniAKtiM  I 
to  detail  his  method  of  determination  of  rdattve  ratios  sine*  if 
modifications  of  an  experiment  first  suggested  by  Sir  Oliver  Lodp 
not  alone  the  fact  of  different  rates  can  be  shown  visually,  but  tk 
actual  rate  may  be  shown*     See  Fig.  120.     The  U  tube  is  filled  «iti  J 
a  solution  of  sodium  chloride  which  contains  sufficient 
gelatine^  so  that  when  cooled  it  solidifies.     One  limb  of  the  i 

^then  filled  partially  with  a  similar  solution  containing  also  pbeiiolpI>*  1 
thalein  which  is  colorless,  and  the  other  withtbf  I 
'JJJh  f(f      same  solution  to  which  a  few  drops  of  potassuw 

"  +      hydroxide  solution  have  been  added.     Into  tic 

L  J  r  1       reniainder  of  the  tube  on  one  side  is  poured  i 

gH  ^M       mixture  of  cupric  chloride    and    hydrochloric  | 

H  ^^  ^a       acid.     Into  the  other  side  is  poured  potasstum 

W^^  ^9       hydroxide.     The  whole  is  placed  in  ice  water  U» 

i  ^^  ^S  I     pr^v^^^  melting  of   the   agar-agar  when  tk 

}  ^M  ^^  i    current  is  passed.     When  a  cathode  from  i 

f  ^m  ^^m  r*    current  source  is  introduced  into  the  alialiflt 

^  ^ft         ,^B  f    ^'^'^  ^^  ^^^  ^^b^  ^^^  ^^  anode  into  the  add 
.  I  ^^^^^^^        ^^^  electrolysis  begins  with  migration  of  hf 

^L  ^^^^^^^         drogen  and  of  copper  toward  the  cathode  anJ 

^^^^  of  hydroxyl  toward  the  anode.     The  rate  oiay 

^^^B  be  observed  by  change  of  color  of  the  a0l^ 

^^agar.  The  relative  rates  of  the  ions  above  indicated  are  approxi- 
mately as  10  for  hydrogen  to  4  for  hydroxyl  to  1  for  copper.  Thm 
are  various  means  by  which  these  rates  may  be  determined  and 
the  following  table  contains  the  absolute  velocities  of  a  few  ioas 
at  18°,  when  the  potential  difference  is  one  volt  per  centimeter 
distance  of  the  electrodes^  in  centimeters  per  second. 

Absolute  looic  Velocities 


H'' 0  00320 

K" 0.00066 

NH4" O.0O066 

Na** 0.00046 

Li*'.  I 0.00036 

Ag" 0  00057 

Cn***  0.00031 


CtmOj" 0.00069 

CV 0.O0064 

CIO*' 0  00057 

NO,'..,.,.     .  O.OOOW 

OH' 0,00181 

SO4" ,  0.00071 


It  would  appear  that  at  infinite  dilution  the  conductance 
salt  X*  can  be  considered  as  made  up  of  two  factors,  the  conduc, 
tivity  of  the  anion,  X«,  and  of  the  cathion,  Kt  *•«*»  X«  —  X«  +  Xi» 
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^  From  the  data  eollected  by  Hittorf  and  subsequently  by  many 
others,  the  relative  speed  of  the  ions  in  a  given  eleetro!>'te  can  be  cal* 
culated  by  measuring  the  change  in  concentration  ajound  the  elec- 
trodes and  from  this  the  values  Xo  and  K  in  the  above  formula. 
(For  details  consult  texts  on  electrochemistry.)  A  few  of  the 
values  so  obtained  are  given  in  the  following  table,  for  18^ 

Ionic  Cooductaaces  tt  Infinite  Dilutioii  or  Relative  Mobilities  of  the  Ions 


H* 

318  0 

i  Mg"° 

46  0 

Li*,.....,. 

33  44 

4  Ba**° 

56.3 

N*» 

43  55 

OH' ,. 

.  174.0 

K* 

64,67 

CI' 

...  65.4 

Rb*... 

67.6 

Br' 

..,  67.3 

W  

.....  6S.2 

r .. 

.    66.4 

NH4* 

64.4 

NO,' 

.,  61,8 

A«- 

64.02 

J  SO/' 

68  7 

}  Cu- 

.  . . ..  51.0 

iCOi'' 

-  70,0 

J  Zn"^ 

....  45.6 

CH^,'.  . 

.   34.66 

If  the  reasoning  and  measurements  by  which  the  above  results  are 

i^reached  are  correct  it  is  only  necessary  to  add  the  proper  ionic 
Bonductance^,  called  mobilities,  of  the  ions,  to  get  the  value  X«  for 

'any  acid,  base  or  salt  where  the  mobilities  are  determined.  This 
value  for  acetic  acid  is  then  318  +  34.55=  352.55,  and  conae- 
quently  the  degree  of  dissociation  of  acetic  acid  is  obtained.     It 

lis  from  data  so  determined  that  the  degrees  of  dissociation  given 

|on  p*  175  were  obtained. 

Hydration  qf  Ions.  —  A  striking  feature  of  the  preceding  table 
that    the  mobilities  of  the  ions  Hthium,   sodium,   potassium, 
lyubidiura,  and  caesium  are  in  the  inverse  order  of  what  would  be 
[©xpected  from  the  general  experience  that,  when  acted  upon  by  the 
[flame  force,  lighter  bodies  move  more  rapidly.     It  was  first  suggested 
Iby  Kohlrauflch  that  each  ion  in  moving  through  a  solution  carries 
Iwith  it  an  "  atmosphere  **  of  water  and  this  has  been  converted  by 
IWashburn  and  others  into  the  hydration  of  ions  theory  already 
Imentioned  (p.  511).     According  to  this  view  the  lithium  ion,  being 
jhydrated  to  a  greater  extent,  is  really  heavier  than  any  of  its  family 
fellows  and  therefore  moves  more  slowly.     There  is  an  abundance 
>f  collateral  evidence  from  various  sources  that  ions  are  hydrated, 
>ut  up  to  the  present  time  (1916)  there  is  unfortunately  not  suffi- 
Bient  accurate  data  on  which  to  base  any  general  statements  con- 
cerning the  degree.     In  the  face  of  this  situation,  coupled  with  the 


512 


INORGANIC  CHEMISTRY 


fact  that  the  mobilities  of  the  ions  alter  with  change  of  concenliv 
tion  due  to  changes  in  viscosity  of  the  solution  and  the  further  fact 
that  ionization  has  a  certain,  though  usually  fimall,  temper&tufp 
coefficient,  the  simple  relation  Xir/X«>  does  not  give  accurate  discy 
ciation  degrees.  Taking  into  account  certain  of  these  facU^rs^ 
Noyes  and  Falk  (Jour.  Amer.  Chem.  Soc,  Vol  34,  p.  456  (1912)) 
published  tables  of  data  which  modify  the  dissociation  valuei 
materially  and  bring  them  into  closer  accord  with  freezing  pmi 
data  (cf.  p,  175  d  seq.), 

Keversihim  Cells  and  Storage  Batteries*  —  Any  electrolytic 
cell  from  which  the  products  of  electrolysis  do  not  escape  can  in 
turn  deliver  current  and  so  become  a  voltaic  cell.  Whether,  and 
to  what  extent,  a  cell  is  reversible  depends  also  on  whether  second* 
ary  changes  take  place  when  the  ions  are  discharged^  and  upon 
the  temperature  coefficient  of  the  cell  An  example  of  a  practi- 
cally perfectly  reversible  cell  is  furnished  by  the  Daniell  cell  id 
which,  while  operating  aa  a  voltaic  cell,  zinc  is  converted  into  line 
sulfate  and  the  copper  is  deposited.  If  a  current  of  slightly  greater 
potential  is  passed  through  the  cell  in  the  reverse  direction  copper 
is  converted  to  copper  sulfate  and  zinc  is  deposited.  Since  in  both 
cases  there  is  but  a  slight  temperature  coefficient  the  mutual 
transformations  are  made  at  a  sacrifice  of  but  small  energy  loss  and 
the  reaction  may  be  expressed  Zn  +  CuSO^  ^  Cu  +  ZnSOi,  Any 
such  cell  may  therefore  be  used  as  a  storage  battery,  in  which  elec- 
trical energy  may  be  stored  up  aa  chemical  energy  for  use  when  de- 
sired. The  two  cells  most  used  practically  are  the  lead  battery 
called  also  the  Plants  cell  or  the  lead  accumulator  and  the  nickel- 
iron-alkali  cell,  ordinarily  called  the  Edison  battery.  The  former 
consists  of  two  lead  electrodes,  one  of  which  is  a  plate  covered  with 
spongy  lead  and  the  other  a  lead  framework  or  grooved  plate  in 
which  the  hole^  or  grooves  are  filled  with  lead  peroxide.  The  space 
between  the  plates  is  filled  with  sulfuric  acid  (sp.  gr,  1*4).  The  cell 
is  essentially  then  the  system  Pb— H2SO4  Aq.  — PbO^.  This  cell 
delivers  current  at  a  potential  of  about  2  volts  and  in  so  doing  both 
lead  and  lead  peroxide  are  converted  to  lead  sulfate.  When  the 
cell  is  being  charged,  the  lead  sulfate  is  converted  at  the  cathode 
to  lead  and  at  the  anode  to  lead  peroxide,  so  the  reaction  may  be 
written  reveraibly : 

Pb  +  PbQ»  +  2H2SOi  i=i  2PbS04  +  2HaO. 
Discharge  — *  <—        Charge 
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le  efficiency  of  this  cell  i8  variously  rated  at  from  76  to  88  per  cent. 

rhe  Edison  cell  is  the  system  composed  of  a  nickel-plated  grid  with 

[^kets  filled  with  finely  divided  iron  for  one  electrode  and  a  similar 

id  with  pockets  filled  with  nickel  peroxide  for  the  other.     The 

11  is  filled  with  a  20  per  cent  solution  of  potassium  hydroxide.     Its 

lectromotive  force  is  1,2  volts.     The  efficiency  of  the  cell  is  from 

^  to  65  per  cent  but  it  has  the  advantage  over  the  lead  accumulator 

being  both  lighter  and  less  easily  damaged  by  careless  handling. 

tie  reactions  in  the  Edison  cell  are  probably 

Fe  +  3HtO  +  Ni,Oi  ^  Fe(OH)a  +  2Ni(0H)j 
Diaohaiie      -^      4—  Charge 


Oxidation  —  Reduction  Cells*.  —  The  electromotive  series 
le  metals  is  also  the  order  of  their  oxidizabthty  and  therefore  the 
lectrode  potential  is  a  measure  of  the  intensity  factor  of  their 
ities  for  oxygen.  As  was  mentioned  on  p.  228,  the  terras  "  oxi- 
ition  "  and  **  reduction  "  have  been  extended  to  cover  all  phenom- 
la  in  which  a  change  of  valence  occurs  whether  oxygen  is  involved 
the  process  or  not.  When,  then,  we  place  a  strip  of  zinc  io  a 
)pp6r  solution  we  say  that  asinc  is  oxidized  from  Zn  to  Zn**®  and 
fche  copper  reduced  from  Cu***  to  Cu.  Similarly,  when  chlorine  ions 
ore  discharged  from  an  electrolyte  the  change  is  an  oxidation,  i.e., 
the  valence  is  changed  from  —  1  to  0.  In  general,  oxidation  may  be 
defined  as  a  decrease  of  negative  valence  or  an  increase  of  positive 
valence  and  conversely,  reduction.  In  terms  of  ions  this  relation 
is  that  oxidation  is  change  of  ionic  charge  in  the  positive  direction 
and  in  terms  of  the  electron  hypothesis  (g.p,)  oxidation  corresponds 
to  the  loss  of  negative  electrons.  Change  of  valence  may,  however, 
occur  without  complete  discharge  of  any  ion.  Thus  cupric  chloride 
may  be  reduced  to  cuprous  chloride,  the  change  being  from  Cu°** 
to  Cu°,  and  potassium  ferrocyanide  may  be  oxidized  to  potassium 
ferricyanide,  Fe(CN)fl""  to  Fe(CN)«'".  It  is  usual  to  claaaify  re- 
agents according  to  whether  their  general  tendency  is  to  effect 
oxidation  or  the  converse.  The  most  usual  oxidizing  agents  are, 
oxygen,  ozone,  the  peroxides,  the  halogens,  permanganic  acid  and 
the  higher  oxyacids  in  general,  potassium  ferricyanide,  stannic 
chloride,  and  the  higher  oxides  of  the  metals.  These  are  reduced 
when  acting  as  oxidizing  agents.  The  most  usual  reducing  agents 
are  hydrogen,  metallic  hydrides,  the  hydrides  of  sulfur,  of  iodine, 
and  of  phosphorus,  etc.,  the  active  metals,  the  lower  oxyacids,  etc. 
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A  very  interesting  example  of  continuity  is  furnished  by  ihe 
relation  of  these  substances  to  each  other  with  re^^pect  to  tli«f 
behavior  in  a  type  of  ceU  known  as  oxidation  and  reduction  cdls. 
One  of  these  may  be  illustrated  as  follows:  Prepare  a  salt  solu- 
tion in  two  beakers  connected  with  a  salt  bridge  as  indicated  in  the 
figure  (Fig.  121).  Connect  the  two  sohitions  in  the  beakers  by 
means  of  platinum  electrodes  with  a  sensitive  .voltmeter.  When 
all  is  ready  place  in  one  beaker  some  ferric  chloride  and  into  iht 
other  pass  hydrogen  sulfide.     A  current  flow  is  indicated  in  the 
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voltmeter  and  the  ferric  chloride  is  reduced  to  ferrous  chloride  and 
the  hydrogen  Bolfide  is  oxidized  to  sulfur.  This  is  sometimes  called 
chemical  action  at  a  distance.  The  electromotive  force  produce*! 
by  such  a  cell  is  a  measure  of  the  intensity  of  the  chemical  reaction. 
A  large  number  of  cells  of  this  type  have  been  investigated,  especially 
by  Bancroft  (Zeit.  f.  Phys,  Chem.,  Vol.  10,  p.  387),  and  by  Neuman 
(Zeit.  f.  Phys.  Chem,,  Vol  H,  p,  193)  and  the  following  table  repre- 
sents a  series  of  substances  with  their  potentials  such  that  the  al- 
gebraic difference  of  the  potentials  represents  the  potential  of  a 
cell  made  up  of  any  two  of  the  compounds  in  solution.  It  shouM 
be  observed  that  any  one  substance  acts  as  a  reducing  agent  upon 
any  substance  which  follows  it  with  an  intensity  measured  by  thd 
differences  in  potential.  Copper  chloride  is  arbitrarily  chosen  a» 
zero.  It  will  be  seen  that  the  tarms  '*  oxidizing  '*  and  **  reducing  '* 
substance  are  purely  relative  and  any  substance  may  be  oxidijdng 
with  reference  to  some  other.  The  use  of  the  electric  current  for 
oxidizing  or  for  reducing  purposes  in  chemical  nmnufacture  is  there* 
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ExerciseB. —  L  If  a  copper  coulometer  cathode  has  increased 
in  weight  250  milligrams  in  15  minutes,  what  is  the  average  current 
strength  expressed  in  amperes?  If  the  potential  of  the  cell  furnish- 
ing the  current  is  LI  volts,  how  much  electrical  energy  has  been 
consumed?  If  the  current  came  from  a  Daniell  cell  how  much 
adnc  is  consumed  ?    Assume  no  heat  transformation  in  the  cell 

2,  What  should  be  the  E.M*F*  of  a  cell  made  up  as  a  Daniell 
cell  but  consisting  of  Fe  — FeSO*  —  C0SO4  —  Co,  where  the  sulfate 
salts  are  of  normal  concentration? 

3,  What  should  be  the  voltage  of  a  cell  made  up  of  the  chain 
K  —  KtSO*  —  AuClj  —  Au,  as  above?  Why  cannot  such  a  cell  have 
its  voltage  directly  determined? 

4*  Why  cannot  a  cell  be  made  of  a  mixture  of  zinc  sulfate 
and  copper  sulfate  with  zinc  and  copper  electrodes  and  show  the 
same  voltage  as  the  Daniell  cell? 

6,   In  order  that  a  hydrogen  electrode  should  have  in  fact  by 
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the  Nernst  hypothesis  zero  potential,  what  should  be  the  CQ^  { 
centration  of  the  hydrogen  in  the  electrode? 

6.  What  weight  of  zinc  must  be  consumed  every  hour  in  orAr  | 
to  produce  a  current  of  five  amperes?     What  would  be  the  RMl 
of  the  current  if  the  sine  were  in  a  solution  normal  with  r^r^^^^  ^^i 
its  ions  and  the  other  electrode  were  a  normal  hydrogen  el- 

7.  If  zinc  and  tin  in  intimate  mixture  are  treated  with 
hydrochloric  acid  in  quantity  not  quite  suflSeient  to  dissolv 
the  zinc^  what  will  happen  to  the  tin,  and  why? 

8.  If  zinc  sulfate  solution  is  decomposed  between  platinum 
electrodes  and  oxygen  is  liberated  at  the  anode,  what  should  be 
the  decomposition  potential?  If  now  a  copper  anode  is  suteth 
tuted  what  changes  occur  in  the  process  and  what  is  the  maximuia 
of  potential  needed? 

9.  If  a  zinc-copper-nickel  alloy  were  to  be  separated  into 
its  components  by  an  electrolj^tic  method  how  would  jrou  proceri 
and  what  voltages  would  be  employed?  I 

10.  If  a  potassium  salt  is  electrolyzed  using  mercury  as  a 
cathode,  how  doe^  the  behavior  differ  from  that  when  platinuio 
is  the  cathode?     Why?  ' 

11.  Calculate  the  degree  of  ionization  of  N/lOO  KQ,  NtQ, 
NaOH  and  HCl  from  the  data  on  p.  507.  | 

12;  With  the  ionic  mobility  of  acetate  ions  and  hydrogen 
ions  (p.  511),  calculate  the  degrees  of  ionization  of  acetic  a^id 
from  the  data  on  p.  509.  Also  cdeulate  the  iomsation  constant 
for  acetic  acid. 


The  members  of  Group  III  are,  with  the  exception  of  boron 
|(p.  377),  distinctly  metallic  in  character  and  in  general  increase 
basic  character  with  increase  in  atomic  weight.     The  two  sub- 
roups   are:   (^4)  Scandium,   yttrium,  lanthanum,    neoytterbium, 
ind   possibly  actinium;  (B)  aluminium,  gallium,  indium,    gado- 
Miiitim,    and   thallium.     All    are    classed   as   rare    metals    except 
aluminium.     The  discussion  will  therefore  be  largely  confined  to 
the  one  element, 

H       Occurrence*  —  Aluminium,  the  third  element  in  order  of  quan- 

Btity  (p*  5),  and  also  third  in  importance  as  a  metal,  occurs  most 

Bftbundantly  in  the  form  of  complex  silicates  and  as  clay,     Ex- 

B&mples    are     albite,    NaAlSisO^;     ortliocUsey    KAlSi^Os;    micat 

KHaAliCSiOOs;    kaoliEi   HjAl.CSiOi)?  •  HaO,  etc.     Certain  mineral 

forms  are  jewels,  such  as  turquoise*  Alx(0H)sP04  •  HiO;   garnets 

are  CasAliCSiOi)!.     Rubies  and  sapphires  are  the  oxide  colored 

by  small  amounts  of  impurities.     Conmdumi  AI2O3,  is  the  oxide 

and  in  hardness  ranks  next  to  the  diamond  among  minerals  and 

has  long  been  used  as  an  abrasive,  especially  in  the  powdered  or 

granulated  form^  known  as  emery.     Cryolite,  NasAlF«,  is  a  not 

uncommon  mineral  and  is  used  to  some  extent  for  the  manufac- 

I     ture  of  soda  and  also  as  the  solvent  for  the  aluminium  compounds 

used  as  ores.     The  latter  are  for  the  most  part  bauxite,  a  more 

or  less  clearly  defined  compound  of  the  type  AliOa(OH)4,  and 

I     launite,  K(A10)«(S04),  •  3HsO, 

J  History.  — The  name  ** aluminium*'  was  applied  by  the  Ronmns 

to  substances  with  a  bitter  taste,  and  the  **  alums"  were  early 
recogmzed  as  compounds  containing  a  so-called  earthy  metal. 
Subsequent  to  Davy's  work  on  the  isolation  of  sodium  and  potas- 
sium many  unsuccessful  attempts  were  made  to  isolate  the  metal 
from  alumina,  i.e.,  the  oxide.  In  1827,  Wohler  succeeded  in 
obtaining  the  metal  by  fusion  of  aluminium  chloride  with  potas- 
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eium,  but  even  in  1855  the  element  was  still  worth  about  1300 
a  pound*  By  1855  the  metal  was  prepared  in  various  ways  aad 
by  the  time  of  Napoleon  III  was  available  in  suffifient  quantitin 
80  that  extensive  experiments  were  made  by  the  French  govern* 
ment  with  plans  to  utilize  it  for  coinage  and  for  military  equip* 
ment.  In  1854,  Bunsen  prepared  it  by  electrolysis  but  not  until 
after  1886,  when  C*  M.  Hall,  a  young  graduate  student  at  Obexlin, 
Ohio,  discovered  the  method  of  electrolysis  now  uaed,  was  alu- 
minium available  at  low  enough  prices  to  render  it  of  geoenlj 
application* 

Preparation.  —  Hairs  process  (Fig.  122)  consisted  in  the  de^ 

trolyms  of  oxides  of  aluminium  dissolved  in  a  bath  of  molten  cryo- 
lite. This  process,  modified  by  detail* 
aa  to  construction,  is  practically  the  only 
one  used  at  present*  The  resistance  of 
the  electrolyte  gives  rise  to  the  needed 
heat  for  keeping  the  mass  Uquid  and  the 
molten  aluminium  is  deposited  upon  the 
bottom  of  the  iron  vessel  in  which  the 
bath  is  held.  The  metal  being  tapped 
from  the  bottom  and  slag  from  the  top, 
the  process  is  continuous.  The  use  of 
clays  as  a  soiu'ce  of  aluminium  has  not  been  found  very  practicable 
on  a  manufacturing  scale.  The  ores  of  aluminium,  e,g.,  bauxite, 
are  usually  too  impure  for  electrolysis  and  are  purified  by  converiian 
to  aluminates  by  fusion  with  alkalies  and  precipitation  of  the 
aliuninium  hydroxide  with  carbon  dioxide. 

2Na,A10»  +  3C0»  +  3H,0  -♦  3NatC0,  +  2Al(0H)a. 

The  hydroxide  is  then  ignited  to  form  the  oxide. 

Properties.  —  Aluminium  is  a  bluish-white  metal  of  specific  grav- 
ity 2.6.  The  metal  is  both  ductile  and  malleable,  especially  at 
50°,  and  can  be  rolled  into  sheets,  or  foil,  or  drawn  out  into  wire, 
but  is  not  of  great  tensile  strength.  At  from  530-550**  it  is  very 
brittle  and  can  be  powdered.  The  melting-point  is  659**  and 
its  specific  heat  is  0.2356,  It  is  a  good  conductor  of  both  heat 
and  electricity.  The  specific  conductivity  is  at  0*  35.6  iimm 
that  of  mercury.  It  does  not  oxidize  readily  in  air  and  in  the 
presence  of  moisture  seems  to  be  protected  by  a  superficial  layer 
of  oxide.     This  may  or  may  not  be  true  passivity  (see  p.  601). 
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It  dissolves  readily  in  hydrochloric  acid  or  in  aqua  regia  but  only 
glowly  in  dilute  nitric  acid  aod  not  at  all  in  the  concentrated  acid. 
When  heated  sufficiently  it  reacts  with  oxygen  with  a  rapidity 
which  results  in  the  production  of  an  intensely  high  teniperature. 
The  heat  of  corabustion  is  7140  cal  per  gram.  This  reaction 
takes  place  even  with  oxides  and  sulfides  of  other  metals  and  is 
utilized  to  produce  rare  and  other  metals  (see  Thermite),  It 
unites  with  heated  nitrogen  to  form  nitrides.  It  also  dissolves 
alkali  hydroxides  to  form  aluminates  with  evolution  of  hydro- 
;en.  It  does  not  dissolve  in  organic  acids  (passivity,  see  p.  601) 
but  is  dissolved  by  them  in  the  presence  of  common  salt.  It  is 
rapidly  **  rusted  "  by  salt  water.  Its  atomic  weight  is  27.1  as 
the  mean  value  of  various  methods  of  determining  its  atomic 
weight.     It  is  trivaleot. 

Hf      Uaes*  —  The  lightness  of  aluminium,  together  with  its  stabil- 
HHy  in  the  air,  make  it  useful  for  a  great  range  of  purposes.     It  is 
Hused  as  a  material  for  construction  where  small  weight  is  desirable^ 
as  in  the  manufacture  of  airships,  telescopes,  etc.    Cooking  utensils 
and  other  household  articles  are  now  frequently  made  of  aluminium 
and  its  use  in  this  direction  will  increase  as  the  cost  of  the  sub- 
stance lessens.     It  is,  weight  for  weight,  a  better  conductor  than 
copper  and  its  use  in  transmission  lines  will  probably  increase, 
though  difficulties  other  than  those  involved  in  relative  conduc- 
^^tivity  limit  the  utilization.     These  are  both  coat  factors  and  tensile 
^■itrength.     Since   it   acquires   the    ^'  passive ''   condition   and   be- 
^Kcomes  coated  with  non-conducting  oxide,  it  is  used  in  '*  rectifiers  " 
IPof    the   alternating   current  and    in    lightning   arresters   for    the 
protection    of    power    plants,    etc.    (s^    passivity,    p.    601).     In 
powdered  fonn  mixed  with  various  menstra  it  is  used  as  a  paint, 
witness  the  rural  free  delivery  boxes.     It  is  also  used  in  large 
quantities  in  crucible  steel  casting  as  *'  medicine  '*   to  *'  quiet  " 
the  steel  by  absorbing  the  occluded  oxygen  and  prevent  **  blow 
holes. '^     Large  quantities  are  used  in  the  Goldschmidt  process 
(ride  infra)  and  in  the  manufacture  of  its  alloys. 


The  Gotd»chmidt  Proceas  (TherntUe).  —  If  aluminium  pow- 
der is  mixed  with  the  oxide  of  almost  any  metal  and  the  mixture 
ignited  by  means  of  a  mixture  of  magnesium  and  liarium  peroxide, 
the  heat  of  combustion  together  with  the  reducing  power  of 
aluminium*  converts  the  oxide  to  the  molten  metal^  which  eol- 
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lects  as  a  refill  us  in  the  bottom  of  the  crucible.  From  this  11 
may  be  tapped  into  suitable  molds  (Fig,  123)*  The  temperatmej 
of  the  ignited  mass  can  reach  even  to  3500°.  This  method  of  J 
preparing  metals  is  suitable  for  use  with  rare  metal  oxides;  (or] 

welding  rails  in  street  railwiyi 


constructions;  for  repainni 
ships'  propellers,  etc.  The  suit- 
able mixture  for  such  purpo«ff 
is  prepared  and  sold  as  variotf 
kinds  of  '*  therimt^/'  It  is 
said  that  175,000  pounds  of 
thermite  were  used  to  repair 
the  battleships  sunk  by  thd 
Japanese  in  the  harbor  at  Port 
Arthur  in  the  Russo-Japanese 
war.  Thermite  is  also  supposed 
to  have  been  used  as  the  chief 
compound  of  the  incendiary 
bombs  dropped  by  Zeppelins 
on  London  and  other  cities 
during  the  great  war.  A  mil' 
ture  of  aluminium  and  am- 
nitrate     is    said    to  j 


TiQ,im, 


monmm    nitrate     is 
compose  the  charge  in  the  great  howitzer  shells  used  so  effectively  I 
by  the  Austrian  guns  at  Maubeuge  and  elsewhere   (see  Current  | 
Opinion,  Vol.  60,  p.  104,  February  1916). 

AiU^s  of  Aluminiufn.  —  The  alloys  of  aluminium  preseiit  somtl 

interesting  features.  Aluminium  amalgam  is  capable  of  inter- 
acting with  water  at  room  temperature  to  produce  aluminium 
hydroxide  and  hydrogen*  This  is  a  contrast  with  the  behavior 
of  most  other  amalgams  in  which  the  amalgamated  metal  is  less, 
rather  than  more,  active  than  in  pure  condition.  The  amalgam 
may  be  used  as  a  reducing  agent  in  neutral  solutions.  Aluminium 
bronzes  are  used  for  automobile  castings,  being  both  light  and 
durable.  The  effect  of  small  percentages  of  copper  on  aluminium 
is  remarkable,  ^3  per  cent  giving  an  alloy  of  silver-like  luster, 
while  85-90  per  cent  gives  an  alloy  closely  resembling  gold  in 
color.  Its  luster  is  permanent  in  the  air.  The  latter  is  much 
used  in  construction  of  ornamental  articles.  Magnalium,  an 
alloy  of  magnesium  and  aluminium,  is  very  light  and  easily  turned 
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a  lathe.    It  has  a  higher  tensile  etren^h  than  the  metal  and 
extensively  used  in  automobile  and  airship  construction. 

Compounds,    Halides.  —  Aluminium  forms  only  one  series  of 

>m pounds  and  in  these  the  metal  is  always  trivalent.  Of  the 
ides,  the  chloride  is  perhaps  the  most  important.     It  can  be 

^de  in  anhydrous  form  by  passing  chlorine  over  the  heated 
ietal,  or  over  a  heated  mixture  of  the  oxide  and  carbon.     It  is 

idily  volatilized  and  at  relatively  low  temperatures  has  a  density 
jrresponding  to  the  formula  AljCIe,  but  at  higher  temperatures 
AICI3.  This  is  as  is  to  be  expected  but  the  double  formula 
>r  aluminium  chloride,  AlaCUi  ferric  chloride,  FejCW,  and  chro* 
11  um  chloride,  CrgCU,  caused,  for  a  period,  the  clasaification  of 
iiese  metals  as  tetravalent,  i.e.,  these  compounds  were  regarded 

being  of  the  structure: 

Cl-M-M-a 
CI^  ^Cl 

icre  seems  to  be  no  particular  value  in  this  conception  in  view 

the  general  tendency  to  regard  as  the  valence  of  an  element 

be  value  shown  in  the  simplest  forms  of  its  compounds.     The 

ihydrous  chloride  is  used  in  many  organic  reactions  as  a  "  cata- 

fzer"  (e.g.,  Friedel  and  Craft's  re-action).     It  cannot  be  obt«.ined 

3m  a  solution  of  aluminium  chloride,  for  while  the  latter  may 

caused  to  crystallize  as  AIO3  •  6H2O,  it  is  hydrolyzed  by  the 

iter  of  crystallization  when  the  attempt  is  made  to  drive  it  off, 

^ving  aluminium  oxide  and  hydrochloric  acid.     Aluminium  hal- 

show  a  special  tendency  to  form  double  halides  with  alkali 

lides,  one  of  the  most  notable  of  which  occurs  in  nature  in  con- 

iderable  amounts^  m,,  cryolite,   NaaAlF^.    A  compound  closely 

gmbling  this  substance  can  be  prepared  artificially  by  treating 

irainium  hydroxide  with  an  excess  of  hydrofluoric  acid  and 

lis  in  turn  with  potassium  acetate.     The  salt  formed  is  probably 

IjAJFfi,  which,  if  added  to  a  solution   of  sodium  salt,  gives  a 

pipitate.    This  reaction  may  be  used  as  a  qualitative  test  for 

ium 


Renisen^n  Double  Halide  Ilypolhesis.  —  T\w  halides  of  alu- 
ium  form  a  long  series  of  double  salts  with  the  hahdea  of  the 
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metala.  Remseii's  view  of  the  composition  (c/.  double  \i 
'ides)  has  been  referred  to  and  it  is  in  place  to  present  it  formal! 
here.  Generally  these  double  salts  correspond  in  corapositioc  ta 
the  oxygen  salts  in  which  the  oxygen  is  replaced  by  two  hsioe^ 
atoms.  Thus  potassium  aluminium  chloride,  K«A1CU,  is  tJ^^ 
gous  to  KaAlOa,  potassium  aluininate.  Antimony  chloride  i^ 
potassium  chloride  form  KaSbCU,  which  corresponds  to  pot««M» 
antimonite,  I^SbOj.  In  some  cases  double  halide^  e»«t  »!■ 
the  corresponding  oxygen  compound  is  not  known,  Accor&l 
to  Remsen  a  "  careful  study  of  the  double  chlorides,  and  the  »• 
lar  compounds  of  fluorine,  bromine  and  iodine,  shows  thAt  A 
chlorides  of  sodium,  potassium,  etc.^  combine  with  mo€t  ote 
chlorides  to  form  double  salts  and  that  the  number  of  molccritf 
of  the  alkali  chloride  which  combine  with  another  chloride  if 
limited  by  the  number  of  chlorine  atoms  contained  in  the  othtf 
chloride,"  Thus,  a  chloride  of  the  formula  MCli  may  fona 
MCli '  KCl  or  MCli  •  2KC1,  or  in  general  we  may  have: 

MCI  •  KCl 


MCI,  •  KCl 

MCU  •  KCl 

MCI  •  KCl 

MCI,  •  2KC1 

MCU .  2KC1 

MCU-2Ka 

MCI, .  3KC1 

MCU.3Ka 
MCU-4KCI 

These  may  also  be  written  as   ordinary  formulse,   for  exftmpll 
KiMCle,  Iv^MCk  etc. 

As  a  usual  thing  these  double  halides  are  dissociated  in  mhW 
so  that  the  solutions  show  the  reactions  of  both  metal  ions,  b«rt 
in  some  cases  the  compounds  are  sufficiently  stable  so  that  tb 
free  acids  can  be  obtained.  This  is  apparently  the  case  witi 
the  so-called  ehlorplatinic  acid»  HiPtCU-  The  formation  of  thei* 
compounds  explains  the  increased  solubility  of  insoluble  lialidtf 
in  strong  hydrochloric  acid.  Rerasen's  view  of  the  structure  ii 
these  halides  is  that  the  halogen  atoms  are  at  least  bivalent  id 
the  structure  is  as  illustrated  by  cryolite, 

t.  TT  XT  a-ci-K 

Al  -  F  -  F  -  Na    and  the  chlorplatinates    Pt  f 


F-F~Na 


\;ci 


ci 


lit  is  possible  therefore  that  the  reason  for  the  double  vapor  deotttf 


There  is  considerable  evidence  from  conductivity  measiueraents 
[and  otheniiise  that  these  complexes  even  exist  with  such  salts  as 
hmercuric  chloride,  and  that  we  have  the  systems  HgHgCU  ♦^ 
f2HgClj  and  BaBaCli  ?it  2BaCl2  just  as  we  have  certainly  the 
double  cyanides  KAg(CN)2,  etc.  It  is  probable  also  that  all 
double  salts  can  be  accounted  for  by  similar  valence  relations. 
f  (See  also  Werner's  hypothesis.) 

Oxides  and  Hydroxides  of  Aluminium.  —  When  aluminium 

salts  are  treated  with  ammonium  hydroxide  the  hydroxide  is  pre- 
cipitated: 

MCh  +  3NH4OH  -*  Al(OHlj  +  3NH,a. 
i 

[This  substance  is  amphoteric.  It  dissolves  readily  in  acids^  form* 
ring  aluminium  salts  and  in  strong  bases  forming  aluminates.  It 
lis  fairly  insoluble  but  its  behavior  toward  solutions  of  reagents 
I  lead  us  to  regard  it  in  the  presence  of  water  as  offering  an  equibb* 
^lium  system  of  the  type: 

AlO,'"  +  3H°  ^  Al(OH)t  ^  AP^*  +  30'H 

it 
Al(OH),       soUd 


aen  heated  the  hydroxide  apparently  decomposes  first  into  the 
Imeta-aluminic    form :    Al(OH)s  — ►  AI  —  O  —  OH +H2O,    compounds 
[of  which  are  very  numerous  in  nature,  forming  the  important 
Jgroup  of  minerals  known  as  "spinels"  (from  spineli  the  magnesium 
salt  Mg(A!Oi)j).     Other  compounds  of  this  type  have  been  men- 
Itioned  elsewhere,  franklinite,  Zn(Fe05)i,  chromite,  Fe(CrOi)s,  etc. 
iThe  complete  dehydration  of  the  hydroxide  gives  the  oxide  Altd, 
|which,  if  heated  to  a  high  temperature,  becomes  practically  in- 
soluble in  acids  or  bases.     The  oxide  in  this  form  is  considered  as 
|an  allotropic  form  and  it  also  occurs  in  nature  as  corundum  and 
imery.     When  the  oxide  is  heated  by  the  oxyhydrogen  blowpipe 
about  1900°,  it  melts  and  if  cooled  slowly  forms  a  vitreous  mass 
Fhich  may  be  cut  into  jewel-like  forms  known  as  white  sa\\^\»x«^. 


i 
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ltd  hardness  is  only  exceeded  by  the  diamond  and  carborundtA 
If  colored  with  small  quantities  of  oxides  of  chromium  the  pt« 
emerald  of  nature  and  the  blood-red  ruby  may  bt*  made  iitfr 
eially.  If  the  impure  oxide  is  melted  in  an  electric  furnace  a  fsy 
refractory  material,  known  as  alundunii  is  prepared  in  the  fonnrf 
tubeSy  crucibles,  etc.  It  is  a  very  useful  t>"pe  of  laboratory  inat«riil 
Aluminium  hydroxide  is  much  used  as  a  mordant  (q.v.).  It  t» 
also  used  as  a  coagulent  of  finely  suspended  materials  (much  tA 
white  of  egg  is  used  in  clearing  coflfee)  so  that  the  whole  moss  ^ettto 
out  of  solution.  This  application  is  made  in  water  purifical 
other  filtrations. 

Alufniniuni  Sulfate  and  the  Alums*  —  If  the  hydroxides 

silicates  of  aluminium  are  digested  with  sulfuric  acid  the  sulfatt 
is  prepared.     It  crystallizes  from  aqueous  solution  with  18 
cules  of  water,  Ali(S04)3  •  ISHjO.     The  solution  is  acid  in  reactia 
It  is  used  as  a  mordant  and  in  sizing  of  paper*     Paper  is  " 
for  the  purpose  of  preventing  the  spread  of  ink.     This  is 
plished  by  distributing  through  the  paper  an  insoluble 
which  is  not  wet  in  contact  with  water.     With  cheaper  gra 
paper  this  is  accomplished  by  mixing  a  resinous  soap  with  the  \ 
This  is  essentially  a  sodium  resinate,  which  when  treated  with  j 
minium  sulfate  solution  forms  aluminium  resinate  and  sodium  sb 
fate.     The  resinate,  being  the  salt  of  a  very  weak  acid  and 
is  hydrolyzed  to  rosin  and  aluminium  hydroxide.     The  eff«u 
to  distribute  the  rosin  in  finely  divided  form  through  the  pu 
that  when  the  paper  is  passed  through  the  hot  rolls,  at  the  lilt^ 
stage  of  paper  making,  the  resin  is  melted  and  a  thin  layer  of  j 
is  left  on  the  paper  after  it  is  cooled.     For  certain  grades  of  p«p 
other  sizing  is  used  and  for  blotting  and  other  "  bibulous  " 
no  sizing  at  all  is  used. 

When  aluminium  sulfate  solution  is  mixed  with  potassium  sul* 
fate  and  crystallized,  beautiful  octahedral  crystals  are  formed  which 
contain  the  factors   K^SOi, Ala  (804)3  *  24HiO,  in   the  proportiou* 
indicated.     This  is  ordinarily  \%Titten  KAl(SOi)i  •  12HtO  and  knowilJ 
as  alum.     It  is  a  very  anciently  known  compound.     It  is  found  iai 
mineral  form  in  Italy,  Utah,  and  elsewhere  as  alum  stone  or  aluniter  j 
K(A10)a(S04)s  •  SHaO.      From  this  the  alum  can  be  obtained  btj 
calcination  and  subsequent  leaching.     It  has  for  many  cent\irici| 
found  application  iis  a  mordant.  AAlum  is  a  type  of  a  large  group 
of  isomorphous  substances  called  ^*  alums/*    They  are  repreaenta 
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lally  by  the  general  formula  M'M'^'CSOOa  •  12HiO,  where  M'  may 
either  potassium,  rubidium,  caesium,  ammonium,  silver  or  thal- 
iiij.  Sodium  alum  loses  its  water  of  crystallization  readily  and  is 
mce  difficult  to  prepare*  The  lithium  alum  appears  not  to  have 
m  prepared.  The  M'"  may  be  either  iUuminium,  chromium,  ferric 
►n,  or  trivalent  manganese.  It  is  even  possible  to  prepare  alums 
ing  selenic  in  lieu  of  sulfuric  acid.  These  substances  furnish 
most  remarkable  series  of  compounds  crystallizing  in  the  same 
jtem,  and  in  general  such  crystals  as  are  capable  of  growing 
len  placed  in  saturated  solutions  of  any  other  of  the  group, 
course,  the  deposited  material  differs  in  composition  from  the 
iginal  crystal  and  may  differ  in  color,  but  the  structural  forn 
kains  the  same.  Such  groups  are  known  as  isomorphous  groupa 
id  it  was  assumed  by  Mitscherlich  in  1817  that  in  such  ca 
le  same  number  of  atoms  combined  in  the  same  maimer  to  pro- 
duce the  same  crystalline  form,  the  form  being  independent  of 
the  nature  of  the  atoms,  but  determined  solely  by  their  number 
and  mode  of  combination.  This  hypothesis,  known  improperly 
B&  the  Law  of  MitscherBch,  was  used  by  Berzeliua  in  selecting 
the  number  to  be  used  as  atomic  weight.  Its  usefulness  was  great, 
because  in  isomorphous  groups,  if  the  atomic  weight  of  one  element^ 
is  known  that  of  all  elements  capable  of  replacing  it  may  be  deter- 
mined. In  several  cases  the  same  element  may  appear  in  several 
isomorphous  groups.  Thus,  iron  appears  in  the  '*  alums  "  and 
also  in  the  '*  vitriols"  fg.p.).  Besides  being  used  as  a  mordant, 
alum  is  used  in  dissociated  form  as  burnt  alum»  as  a  water  ab- 
sorbent and  astringent  in  surgery,  and  the  crystalline  substance 
L|0  used  to  *'  whiten  *'  flour  and  **  crisp  '*  pickles,  etc.  For  a  time^ 
Hbe  potassium  and  ammonium  alums  were  used  in  the  manufacture 
of  baking  powders  (q.v.).  Now  all  the  so-called  "  alum  "  powders 
are  made  by  using  a  mixture  of  sodium  sulfate  and  aluminium  sul- 
fate, dissociated,  of  course,  with  sodium  bicarbonate.  This  mixture 
is  familiarly  known  as  S.A*S.  (sodium  aluminium  sulfate),  or  C.T.S. 
(eream  of  tartar  substitute).  The  latter  usually  contains  some  pri- 
mary calcium  phosphate. 

SiiicateB  of  Alufniniufn,  —  As  already  mentioned,  these  occur 
great  variety  and  in  all  sorts  of  degrees  of  purity  in  nature,  and 
used  for  many  purposes,  either  as  found  or  as  modified  by  heat 
or  otherwise.  Thus,  feldspars  are  used  as  glazes  on  pottery  and 
porcelain;  burned  and  more  or  lees  completely  fused  clay  is  used  in 
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brick,  terra  cattA,  poroelam,  china,  etc.,  ete.  (See  texts  om  ind»^ 
trial  chemistry.)  A  very  complex  silicate  containing  sulfttr  occfflf 
in  nature  as  ''  lapis  lazuli  **  and  is  of  a  beautiful  blue  eolcir.  1^ 
was  formerly  ground  and  used  as  a  pigment.  It  is  now  uuA 
artificially,  and  much  variation  of  color  secured,  by  fusion  of  diy. 
charcoal,  sodium  carbonate  and  sulfur.  Its  composition  vsri» 
Komewhat  and  lis  structure  is  not  known.  It  is  much  usedaii 
pigment  in  wall  paper,  and  otherwise. 

Other  Campounds  of  Aluminium,  —  Aluminium  sulfide) 
carbonate  cannot  be  made  in  the  wet  way  because  of  the  rap 
of  their  hydrolysis  in  water,  but  the  carbonate  evidently  is  for 
by  precipitation   of  aluminium   salts   by  carbonates,   as  is 
evident   by   the  appearance  of  the  precipitate  and   the  ch 
which  occurs  when,  after  a  short  interval,  effervescence  begin 
Aluminium  acetate  can  be  crystalliEed  from  strong  solutions  tat 
it  also  hydrolyzes  completely  in  boiling  solutions. 

Aluminium  carbide,  AUCs,  made  by  Moissan  by  heating  carbon 
and  aluminium  in  an  electric  furnace,  has  a  special  interest  becauBi 
by  hydrolysis  it  forms  methane, 

AI4C,  +  I2H1O  --^  3CH4  +  4A1(0H),. 

Methane  is  the  chief  constituent  of  natural  gas  and  heooe,  just 
as  acetylene  is  produced  from  water  and  calcium  carbide,  it  roiy 
be  that  natural  gas  and  at  least  certain  deposits  of  petroleQa* 
a  mixture  of  homologues  of  methane,  are  so  formed.  This  ii 
MendeleefT's  theory  of  the  origin  of  petroleum,  and  while  probiblf 
not  of  general  application  is  interesting  as  a  possibility. 

Hydrate  Theory.  —  In  1886,  Mendeleeff  (Ber.  d,  Chem.  Gm^ 
19,  p,  379)  suggested  that  certain  substance-s  when  dissolved  in 
water  unite  with  water  to  form  definite  hydrates  which  csssl 
as  such  in  solution  and  in  some  instances  these  hydrates  may  be 
separated  in  solid  condition  giving  crystalline  hydrates.  In  otter 
cases  such  hydrates  arc  unstable  and  exist  only  in  solution-  Ifl 
19(X),  Jones  and  C'hambers  from  a  study  of  the  freezing  poml 
lowering  of  concentrated  solutions  of  certain  chlorides,  reacl 
the  conclusion  that  the  hydration  is  the  normal  result  of  sotuli 
and  is  the  factor  which  accounts  for  the  failure  of  eoncentraiei' 
solutions  to  ^ve  the  so-called  normal  freezing  point  loweris 
demanded  by  van't  Hoff's  theory  (^.,  p.  164),     The  abnormill 
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.t  freezing  point  lowerings  are,  however,  to  be  accounted  for 
y  considerable  proportion  of  the  water  present  is  associated 
the  solute,  thus  making  the  concentration  greater  than 
ippears  from  the  amount  of  solvent  used.  Indeed,  it  seems 
from  the  work  of  Jones  and  his  co-workers  that  the  degree  of 
liydration  is  sometimes  very  great.  Thus,  one  molecule  of  cal- 
'cium  chloride  is  calculated  to  be  united  with  13  molecules  of  water 
when  the  molar  concentration  is  3,2  and  with  29  molecules  at  a 
concentration  of  O.L  Aluminium  chloride  has  a  range  of  hydra- 
tion from  16  to  38  at  various  concentrations.  In  1904  this  con- 
ception was  extended  to  all  solvents  and  the  general  conclusion 
reached  that  the  power  of  dissolved  substances  to  combine  with 
more  or  less  of  the  solvent  is  general.  (A  r^sum4  of  the  solvate 
theory  is  found  in  the  Am*  Chem*  Jour,,  Vol  41,  p.  19.) 

The  Rare  Metals,  —  The  term  rare  earth  is  used  to  describe 
"oup  of  basic  oxides  of  elements  which  resemble  one  another 
closely.  They  include  the  remaining  members  of  Group  III, 
y  members  of  Group  IV  and  certain  other  elements  the  places 
which  in  the  periodic  system  are  uncertain.  Indeed  Crooks 
of  them,  **  The  rare  earths  form  a  group  to  themselves: 
ically  they  are  so  much  ahke  that  it  taxes  the  utmost  skill 
the  chemist  to  effect  even  a  partial  separation  and  their  history 
obscure  that  we  do  not  yet  know  the  number  of  them."  In 
broadest  sense  the  list  of  rare  earths  includes  three  sub-groups^ 
yttrium  group,  the  cerium  group  and  the  thorium  group, 
last,  being  more  distinctly  tetravalent  than  the  others,  are 
letimes  not  included  in  the  designation.  Besides  the  elements 
of  sufficiently  established  identity  to  find  places  in  the  atomic 
weight  tables  and  which  are  at  least  mentioned  in  the  following 
dtucussion,  there  are  several  which  have  been  announced  but 
not  yet  certified  by  the  international  committee,  and  several 
ers  which  have  had  their  claim  for  inclusion  disallowed, 
ng  the  latter  may  be  mentioned,  **  phiUippium,"  "  caro^ 
,"  and  **  noria,"  and  **  jargonia"  oxides  of  supposed  elements. 

f  Occurrence*  — The  matcriats  containing  these  earths  in  traces  sufficient 

[•peetroacopic  detection  are  fairly  widely  distritHited,  but  in  any  appreciable 

nittin  are  of  very  limited  occurrence.    They  are  never  found  alone,  and 

the  ores  are  usually  complex  mixtures.     For  example,  Irx^m  gadoUnite 

beea  Beparatod  at  least  sixteen  elcmcnt».    The  more  important  ores  eon* 

the  rare  eleoieiits  in  var>'ing  proportiunji  and  usually  h  preponderanoe  at 
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one  of  the  suh^oupa.     Some  of  these  are:   Ceiite,  a  basic  mlitsLief  tliem 
eouroe  of  the  cerium  group,  ia  found  chiefly  in  Sweden  and  contains  00  to  1 
cent  of  the  oerite  earths  and  a  small  percentage  rif  yttrium  earths, 
and  calcium;  allanite  or  orthite  b  widely  distributed  in  sinaJI  amounts  in  i 
and  like  minenils.     It  ia  a  centc^umimum  eiticate  containing  cerite  < 
(12-15  per  cent),  yttrium  earths  (5-8  p>er  cent),  along  #ith  several  of  the  oji 
tnetals;  mooazite,  the  chief  source  of  cerium  as  well  as  of  several  other  t 
n»uai1y  is  found  luh  a  yellow  Hand^  and  is  a  cerium  earth  phosphate  cooti 
considerable  quantities  of  thorium  and  of  the  yttrium  group.     It  i^  found  < 
in  the  river  aands  of  North  and  South  Carolina  and  in  Brazil;    gadalinitej 
original  source  of  yttrium^  ia  a  basic  silicate  containing  40  to  48  per  cent  ytl 
earths  and  5  to  10  i>er  cent  oerite  earths.     Besides  tbeae  apecifically  rare  \ 
minerals  the  nranium  minerals  (q.v,)  and  the  thorium  and  zireooium  minendi  J 
coatain  rare  earths. 


History^—  In  1794,  Gadolin  discovered  a  new  oxide  in  the  minetv]  i 

and  it  was  by  Ekeberg  tiamed  yttrium  from  tiie  mines  of  Ytterby,  wherv  it  I 
dlBcovered.  In  1803,  IClaproth  and  also  Berzelius  discovered  a  new  oxi(te  is| 
mineral  known  as  oerite.  This  was  called  cerium.  In  both  caaes  the  dis 
had  a  mixture  of  oxides  which  have  subsequently  been  shown  to  be  \ 
Without  going  into  details  of  the  minerals  used  as  starting  pointa  nor  wUki 
various  and  extremely  numerous  investigations  the  ultimate  reaulta 
presented  in  the  form  of  a  table  taken  from  Abegg,  Vol.  Ill,  pt.  I,  p.  i4Sk 

Preparation,  — The  rare  earths  are  separated  from  the  complex  i 
which  contain  them  by  digestion  with  concentrated  Bulfuric  acid,  and, 
dilution,  the  clear  filtrate  is  treated  with  hydrogen  sulfide  to  remove  the  i 
whose  sulfides  are  insoluble,  eueh  as  copper,  bismuth,  moljbdenum.  etc. 
^trate  from  the  sulfides  is  treated  with  oxalic  acid  which  precipitates  the  imdi 
oxalates^    or  it  may  be  treated  with  ammonium  hydroxide  to  precipiUlf  1 
hydroxides.     In  either  ca^  the  precipitated  compounds  are  ignited  to  i 
alumina  and  silica  insoluble  and  the  ignited  oxides  are  dissolved  in  acid^ 
oxalates  may  now  be  reprecipitated  and  the  precipitate  roughly  separated  J^ 
three  groups  according  to  the  relative  solubility  of  the  double  sulfate  witJ 
Blum.     The  double  sulfates  of  the  following  are  insoluble,  scandium,  la 
cerium,    praseodymium,    neodymium,  samarium;     slightly    soluble, 
gadolinjum  and  terbium:   very  soluble^  yttrium,  dysprosium,  erbium,  thulid 
holmium,  neoytterbium,  and  lutecium. 

The  further  separation  of  these  fractions  is  a  very  difficult  and  tedious  c 
tion  which  depends  on  either  the  fractional  precipitation  of  the  soluttooa  i 
bases  or  on  the  fractional  decomposition  of  the  solid  nitrates  by  heat. 
Buoeeasive  treatments  by  one  or  both  of  these  methods  the  fractions  are  I 

^separated   by  taking  advantage  of  small  differences  of  solubility  of 
kits,  and  in  some  instances  the  fractionation  has  to  be  repeated  hu 

fUmes.    Even  so  it  remains  somewhat  doubtful  if  in  any  inaiaaoe 
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0e*paration  into  individual  elements  hufl  been  re«acbed.     The  progrm  of  * 
frmctionation  can  be  watched.  i.e.,  controlled,  by  atoxnic  weight  detenuimlioB^ 
suooeBaive  fractions  or  by  exmnination  of  the  specsira  of  the  fractions. 

The  elements  Uiemselves  may  be  prepamip  only  with  diffic»ilty»  htm  < 
chlorides  by  treatment  with  aodium  or  pot«9smm«  but    by  elect rolyna  of ) 
melted  chloride  the  elements  can  be  readily  prepared.    The  purity  of  the  i 
wiUt  of  oourse,  depend  upon  the  purity  of  the  chloride  uaed. 


i' 


Proper  Hen*  —The  rare  earth  metals  are  in  Keneral  white  or  yellowii^i 
are  fairly  stable  in  the  air.  They  have,  in  general,  the  property  of  uniting  at  M^ 
iem^ieratiire  with  hydrogen,  nitrogen  and  with  carbon.  The  carbides  teaet  wil 
water  lo  form  a  mixture  of  acetylene  {c{.  calcium  carbide),  methane  (c/.  aluminjOB 
carbide),  and  ethylene,  and  this  behavior  is  part  of  the  baais  of  Menddeeff^d  w 
of  the  origin  of  petroleum.  When  heated,  they,  of  course,  bum  and  the  baii  of 
oomhu^Htion  is  ao  great  that  a  mixture  of  these  metals  is  suggested  as  a  fud  Uxm 
in  the  OoldBchtiiidt  prooens.  The  heat  of  formation  of  the  mixed  oxides  Cramt^ 
'^  mixed  meijiJ  *'  (40  per  cent  of  cerium  1  is  greater  than  that  of  alununium  onk 
The  oxidoa  are  all  basic,  and,  as  the  preparation  of  the  elements  would  indicst^ 
they  resemble  each  other  so  closely  that  they  form  a  series  of  compounds  vilk 
doaely  related  propertied.  The  oxides  and  salts  are  in  general  colories,  thouik 
the  oompounds  of  cerium  with  higlier  valence  are  yellow  or  red,  the  sdU  cf 
pnseodymium  are  green  and  those  of  neodymium  are  amethyst.  In  general,  the 
elements  appear  to  be  trivalent  though  unstable  compounds  of  the  tetraval^t 
type  are  known  for  praseodymium  and  neodymium,  and  the  eerie  salts  are  Ewrfj 
stable.  The  vapor  densities  of  the  salts  are  practically  unknown.  The  atomic 
weights  range  from  44.1  for  scandium  to  174  for  lutecium,  and  while  some  of  tbe 
elements  find  ready  and  apparently  definite  location  in  the  periodic  system,  jt^ 
from  cerium  (140.2)  to  lutecium,  the  properties  are  so  similar  that  if  the  elemeDti 
are  placed  in  the  otherwise  vacant  places  in  series  7,  8  and  9,  there  seems  to  be 
but  little  evidence  of  a  relation  of  a  periodic  sort.  Indeed,  the  periodic  systoa 
in  no  way  leads  to  the  expectation  of  a  series  of  elements  of  this  sort.  U  ii 
true,  however,  that  the  properties  of  these  elements  are  not  sufficiently  defiosi 
to  make  very  definite  statements  oonoeming  them. 

One  suggestion  is  of  special  interest  because  of  the  recent  **  traosmotatioa  d 
elements/'  growing  out  of  a  study  of  radioactivity  {q.v.).  It  is  that  of  Crooka» 
who,  in  1887,  suggested  that  these  elements  are  all  modifications  of  one  eleniant 
and  proposes  to  call  the  fraction;;  meta- elements.  The  properties  of  the  sepanli 
elements  are,  therefore,  to  be  regarded  as  the  mean  of  the  properties  of  the  OK*i- 
elements.  This  view  is  called  by  H.  J.  Meyer  '* fantastic,"  but  b  neverlhelosi i 
basts  for  the  theory  of  inorganic  evolution  (Chem.  News,  66,  183).  (See  ita* 
Prout's  Hypothesis,  and  Lockyer  and  Crooks*  Protyle,)     (C/.  Chapter  XXXVI.) 


Vses^  —  These  rare  earth  metals  have  of  recent  years  come  into  promiiMaMi 
in  a  technical  way  by  reason  of  the  utilization  of  the  oxides  of  cerium  and  thoriuiD 
as  components  of  the  Welsbach  mantle  for  gas  burners.     (C/,  Thorium.)    Thii 


ALUMINIUIVI  AND  ITS  FAMILY  531 


utiJuatioD  hna  made  the  other  rare  elcmenU  by-products  so  to  apeak,  and  it  is 
he  eirpected  that  usee  for  them  will  be  found.     There  will  be  no  special  diacuaiiion 
of  the  compounds  of  the  rare  earth  metals  and  only  brief  mention  of  certain  pointa 
conoeraing  some  of  them  as  they  find  proper  place  in  the  following  pages. 

Sub-Geofp  a 

Scandium^  Tttnimii  Lanthanum,  and  Ytterbium 

Scandium,  Sc,  waa  first  prepared  in  1879  by  Nitron  from  gadolinite  am 
aiao  from  euxenite,  which  ia  a  titanate  of  the  yttrium  and  cerium  earths.  The  rarity 
of  the  element  is  indicated  by  the  fact  that  Nilaon  could  obtain  from  II)  kilos  of 
euxenite  oiily  2  g.  of  scandia,  8cjOj.  The  element  was  shown  by  Mendeleeff 
(Berichte,  20,  p.  282),  to  t>e  the  eka  boron  prophesied  by  him  in  1871  and  its 
place  in  the  third  group  waa  thereby  estahbahed.  It  is  the  least  basic  of  the  rare 
csrths,  but  even  ita  salts  are  but  slightly  hydrolysed  in  water.  It  has  the  lowest 
Atomic  weighty  44.1,  of  any  of  the  rare  earth  metals.  It  has,  therefore,  several 
properties  which  distinguish  it  frorp  its  fellows  and  there  is  some  doubt  that  it 
nhould  be  so  classified,  in  spite  of  fts  natural  occurrence  with  them.  Tlie  salta 
are  all  colorless  and  the  sulfate,  selenit^,  nitrate,  and  oxalate  have  been  invest)^ 
gated.    They  find  at  present  no  technical  applications. 

Yttriunif  Ytf  the  first  discovered  of  the  rare  earths,  by  Gadolin,  in  1794^  has 
been  frequently  investigated  and  a  long  series  of  its  salts  have  been  prepared. 
It  has  also  been  prepared  in  the  metallic  condition.  Neither  it  nor  its  sal t«  have  so 
far  found  technical  application. 

Lanthanuirif  La^  discovered  by  Moeander  in  1839,  has  had  its  atomic 
weight  determined  through  at  least  twenty*two  separate  investigations,  yet  it  ia 
not  certain  that  the  material  so  described  is  elementary.  It  is  the  moat  positive  of 
all  the  rare  earths,  its  sulfate  the  least  soluble^  ita  oxide  absorbs  carbon  dioxidd 
from  the  air  and  reacts  with  water  to  form  a  somewhat  m>Iable  base.  The  metal 
reacts  with  water  and  liberates  hydrogen.  Indeed,  in  practically  all  respects  it 
acts  as  if  its  place  were  in  the  sec<)ud  group  of  the  periodic  system.  Yet  its 
atomic  weight  is  130.0  and  its  valenc^e  apparently  three.  Since  there  is  no  vacant 
place  in  the  second  group,  it  is  placed  in  the  third  group  and  we  must  frankly 
admit  a  defect  in  the  periodic  system.  The  metal  and  a  long  aeries  of  ita  aalta 
hare  been  prepared,  yet  it  finds  no  technical  application  except  that  it  is  said  to 
be  one  of  the  constituents  of  the  alloy  known  as  Auer  metal  and  used  for  gaa 
and  cigar  lighters.     (C/.  oerium,) 

(Neo)  Ytterbium^  Kb,  prepared  first  in  1878  by  Marignac,  is  by  peculiar 
eantrast  with  lanthanum,  a  much  less  strongly  basic  element.  Its  place  in  the 
third  periodic  group  is  somewhat  doubtful.  In  1906  the  original  ytterbium  was 
peparated  into  the  parts  known  as  neoyt terbium  by  Welabacb  and  also  by  Urb 
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(at.  wt.  172)  and  lutecium  (at  wt.  174). 
their  aalta  are  aa  yet  of  any  technical  uae. 


Neitlier  of  tbeae  elenaents  aor  t 


Sub-Grotip  B 

fUUmm,  Indium,  Gadolinium,  and  Thatthuii 

None  of  these  elementa  belong  to  the  rare  earth  group  except  gadoUniaiiiy  i 
it  is  somewhat  doubtful  if  it  should  belong  here.  They  are,  however,  t 
clementa.  Indeed^  while  aomewhat  widely  distributed,  they  have  neir«!f  hm ' 
founds  except  in  one  cose  {cf,  tbailium),  to  an  extent  of  more  than  0.1  per  ce6 
in  any  mineral.  They  are,  therefore,  of  but  email  technical  ixnportaDoe  and  d^ 
discusaioQ  will  be  limited  to  a  few  points  of  scientific  intereet. 


^ 


GalHum^  Ga^  was  discoTered  by  Le  Coq  de  Boisbaudran  in  1S75.  U  »^ 
peara  frequently  to  acoompany  sine  blende  though  in  extremely  amaJl  and  tuv 
able  amountu.  The  material  through  the  investigation  of  which  it  was  diaeofmi 
contained  only  about  0.002  per  oent.  The  most  characteristic  property  k  the 
proBcnce  of  two  violet  linos  in  its  Hi>ectnmi  and  the  presence  of  these  lines  M  loili 
diaoovery  and  isolation.  The  most  interestiDg  feature  of  galliiun  ia  the  marvtkir 
manner  in  which  its  properties  correspond  to  the  eka-aluniiniuin  propbeflifd  1? 
Mendeleeff.  (Cf.  p.  210.)  The  element  is  also  remarkable  aa  being  thi  catr 
metal  other  than  mercury  which  is  liquid  at  the  ordinary  temperatAire.  WIA 
the  melting  point  of  the  metal  is  30.2**  yet  when  cooled  it  '* super  cools,"  toa 
remarkable  extent  and  remains  liquid  at  0^  Ostwald  auggeata  that  tll« 
cooling  LB  due  to  the  absence  of  particles  of  it  in  the  air  to  act  aa  "I 
agents/'  to  etart  crystallization,  eince  the  minutest  particle  of  the  solid 
immediate  crystallization.  The  metal  adheres  readily  to  glaaa  and  fonat 
excellent  mirror.  These  and  other  properties  would  render  the  metal  very 
could  it  only  be  found  in  quantity.  (The  richest  known  sources  are  the  nafl 
of  the  Qeveland  district,  England,  which  contain  only  0.003  per  cent.)  QsISufli 
forms  two  series  of  salts,  galloua  salts  in  which  it  is  bivalent,  and  gallic  sdU  iij 
which  it  is  trivalent* 

Indium^  In^  was  also  discovered  in  zinc  blende  from  Freiburg,  in  lM,\ 
Reich  and  Richter,  which  was  being  examined  spectroecopicaUy  far 
The  element  shows  a  characteristic  bright  blue  spectral  line;  henoe  the  iuuiiv| 
from  indigo.  It  has  never  certainly  been  found  in  any  minerals  save  not  ( 
and  in  them  it  never  exceeds  0.1  per  cent.  The  element  posaeano 
interest  because  from  its  equivalent  weight,  about  38.2  and  ita 
valence  of  2,  the  atomic  weight  was  supposed  to  be  76,  but  this  atomic  ' 
did  not  fit  into  the  periodic  system  and  MendeleefF  a^umed  the  suppoiv 
atomic  weight  to  be  incorrect  (1871).  Bunsen  (1871)  found  the  specific  best*- 
be  0.057  and  therefore  (0.057  X  115  «  6.55)  the  atomic  weight  is  more  prohibl) 
115.    It  was  also  shown  to  form  an  alum  isomorphous  with  the  ordinary  ills' 
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I  thetrefore  to  be  trivalent.    The  vapor  density  of  the  chloride  has  been  found  to 
from  8J5  at  606'  to  6.71  at  1048^.     The  assumption  of  Mendele^fT  ^  there- 
amply  confirmed.    The  atomic  weight  ia  114.8,     While  in  genera]  indimn 
actions  as  a  trivalent  element  and  the  trivalent  compounda  are  the  moet  stable, 
\  also  forma  well-degned  compounds  of  the  univalent  and  also  the  bivaJent  type* 

TTiaiUuniy  Tl,  discovered  in  1861  by  Crooks  during  the  spectroscopic  exam* 

%ikm  of  the  ^limee  from  the  lead  chamber  of  a  sulfurio  acid  factory »  The  most 
acteristic  line  was  a  green  one  and  the  name  ia  derived  from  ^oAAcJs  «  a  Rreen 
rig.     Like  indium  and  gallium^  it  L*i  found  only  in  ver>'  small  amounts  in  any  of 

i  minerals  in  which  it  is  present,  except  in  the  very  rare  mineral  crooksite  which 
I  essentially  a  copper  selenide  contains  from  16  to  18  per  cent  thallium.     It 

much  more  widespread  than  either  of  its  fellows.    Thallium  as  a  metal  has 

opertiea  very  similar  to  those  of  lead,  though  it  is  softer  and  has  a  lower  melting 

Dint,  301".     Ita  specific  gravity,  1L9,  is  between  that  of  mercury  and  Icati. 

oubUees  were  it  available  in  quantity  it  would  find  extenjaive  uaes.     Its  diemical 

avior  is  strangely  vaned.  It  forms  three  series  of  oompounds,  the  trivalent 
Hea  corresponding,  though  not  cloflely»  to  those  of  alununium.  The  hydroxide, 
1(0H)5,  18  red  in  color  and  is  not  soluble  in  ammonium  sulfide  (r/1  antimony), 
he  thallic  salts  are  in  general  unstable.  There  are  no  salts  in  which  the  element 
I  bivalent  and  the  more  stable  series  seems  to  be  that  in  which  the  element  is  uni- 
klent  and  resembles  in  behavior  imivalent  mercury  and  silver  in  that  the  chloride 
I  insoluble  in  water,  and  the  double  cyanides  are  readily  formed  and  are  soluble 

water.  On  the  other  hand,  its  hydroxide,  carbonate,  phosphate,  sulfate  and 
al&te  ore  soluble  in  water  and  resemble  in  behavior  the  corresponding  saltfi  of 
otassium.     Indeed,  an  alum,  TlAI(S04)i  -  l8HjO,  baa  been  formed. 

Family  Relationships,  — The  members  of  the  family  have  such  varied 

opertiee  that  it  is  difficult  to  formulate  them  in  any  general  way.     Boron  is  so 

tinctly  an  acid-forming  element  that  it  is  always  considered  with  the  non^ 

Of  the  others  only  aluminium  ia  miffieienily  frequently  encountered  to 

der  a  discussion  of  analytical  properties  profitable.     It  indeed  furnishes  two 

of  ions  but  in  both  types  the  aluminium  is  trivalent,  vi«,:    M*"  and 

id'"  and  AlOk'  derived  from  the  system 

^  H,0  -f  HA10»  ^  H^'H-  Aid' 

^'  '^3H''-hAI0,'" 

aluminium  hydroxide  is  a  very  weak  base^  and  is  also  insoluble,  the  salts 

aluminium  are  largely  hydrolyeed  in  water  and  those  with  weak  acids  are 

ipletely  bydrolywd.     Aluminium,  therefore,  belong?  in  the  third  analytical 

[ip,  and  is  precipitated  as  an  hydroxide  by  means  of  ammonium  sulfide.     It 

I  distinguished  from  the  similarly  precipitated  hydroxides  of  chromium  and  ferrio 

on  by  being  soluble  in  strong  basen,  the  alkali  hydroxides.    An  attempt  will  be 

to  tabulate  some  of  the  chief  properties  of  the  elements  of  the  group  and 

may  be  noted  that  the  relationships  are  somewhat  as  are  depicted  by  the 

(lowing  sketch: 


^jooo  _j_  3QJJ.  ^  AI(OH)i 


I 


^  AtteDtion  flhould  b«  called  to  the  vacant  ipaee  in  thi«  group.  This  li  profaililf 
*(«upied  by  one  of  the  aflsociated  elemeot^  or  decompoaition  products  of  raiihia 
{see  Chap.  XXXIII). 
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Exercises.  —  L   What  is  the  heat  of  formation  of  aluminiud! 
oxide?     What  oxides  might  be  expected  to  be  reduc<?d  by  ti« 
Goldschniidt  process? 

2*  If  a  cryolite  bath  containing  bauxite  in  solution  is  operilid 
at  a  tension  of  5.5  volts  and  a  current  strength  of  7500  amperei 
with  a  yield  of  18  kilograms  aluminium  per  hour,  what  is  thi 
percentage  efficiency  of  the  current  and  how  much  energy  ii 
joules  is  converted  into  heat  or  is  otherwise  ineffective? 

3.  If  the  heat  of  formation  of  AljO,  is  380,000  cal.;  that  d 
FejOj  is  195,000;  the  specific  heat  of  iron  0,11;  the  heat  of  fusioii 
of  iron  23^000  cal.  per  kilogram,  the  specific  heat  of  aluminium 
oxide  0.217,  what  m  the  maximum  temperature  which  could  be 
reached  by  a  thermite  made  of  ferric  oxide  and  aluminium  in 


^uivalent  quantities?    Assume  that  no  heat  escapes  by  radiation 
3r  otherwise. 

4,  The  specific  conductivity  of  copper  is  to  that  of  aluminium 
IS  about  2:1.  What  would  be  the  respective  diameters  and 
weight  of  two  wires,  one  of  copper  and  one  of  aluminium,  of  equal 
conductivity?  At  the  market  value  of  the  two  metals,  which  is 
the  cheaper  conductor  other  things  being  equal? 

5,  If  the  tensile  strength  of  copper  is  to  that  of  aluminium 
18  40  to  20,  how  would  this  affect  construction  of  heavy  trans* 
Bpaion  wire?     Why  not  substitute  the  alloy  magnalium? 
H6.   Why  would  a  single  gram  of  mercuric  chloride  placed  in 
%n  aluminium  vessel  full  of  water  make  a  hole  in  it? 

7.  In  the  aluminium  rectifiers  the  alternating  current  passes 
between  an  aluminium  electrode  and  one  of  copper*  One  phase 
[>f  the  current  is  stopped  because  aluminium  as  an  anode  becomes 
i  non-K!onduct^r.  What  might  be  the  type  of  construction  of 
%  lightning  arrester  and  why? 

8.  On  the  basis  of  the  data  on  p.  523,  write  the  structural 
formulfle  of  chromite,  franklinite>  hausmannite  and  magnetite. 

9.  On  the  basis  of  Remsen's  double  hahde  theory  formulate 
the  equiUbrium  which  exists  in  an  aqueous  solution  of  sodium 
Eduminium  chloride^  NajAlCU.     What  happens  when  electrolysis 

R*^  How  does  the  situation  change  as  electrolysis  proceeds? 
A  solution  of  a  ferric  alum  when  treated  with  potassium 
focyanide,  KCNS,  becomes  blood  red.  This  is  taken  to  iadi- 
cate  the  presence  of  ferric  ions.  A  solution  of  potassium  fern- 
Dyanide  is  not  affected  by  the  sulfocyanide.  Why  the  difference? 
Express  the  relation  by  equilibrium  formulae. 

11,  Write  the  equations  for  the  formation  of  carbon  dioxide 
from  NaHCOi,  and  (a)  cream  of  tartar,  (6)  sodium  and  alumin- 
ium sulfate,  (c)  primary  calcium  phosphate*  When  these  com- 
binations are  used  separately  for  biscuit  making  what  residues 
remain  in  the  biscuit? 

12.  If  three  baking-powders  were  made^  one  using  cream  of 
tartar,  one  sodium  aluminium  sulfate  (anhydrous)  and  one  primary 
calcium  phosphate,  each  in  equimolecular  proportions,  what 
would  be  the  relative  leavening  power,  i.e.,  the  relative  volume 
^  carbon  dioxide  per  unit  weight? 


Kins? 
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CHAPTER  XXX 
THERMOCHEMISTRY 


THERMOcHEiasTBT  may  be  defined  as  the  topic  which  deals  wit^l 
the  transformationfl  of  chemical  energy  into  heat^  and  the  convaiej 
Since  practically  every  chemical  change  involves  an  energy  i 
and  the  energy  relation  is  at  least  m  important  as  the 
mass,  various  phases  of  thermochemistry  have  already 
cussed*     It  remains  to  correlate  some  of  these  and  supple 
them  to  a  limited  extent. 

Chemical  changes  which  evolve  heat  are  called  ezothennic  anJJ 
since  the  relation  ia  essentially  the  same  whatever  form  of 
is  involved,  the  term  is  extended  usually  to  cover  all  energy  j 
lution  which  takes  place  at  the  sacrifice  of  chemical  energyj 
should  be  recalled  that  exothermic  reactions  are  either  synl 
changes,  decompositions,  or  exchanges.    Exothermic  cc 
however,  those  produced  with  evolution  of  energy,     Endoti 
ehangiee  are  the  converse  of  exothermic  changes.     Since  the  < 
tity  of  energy  change  involved  in  different  chemical  changes  of  i 
one  type,  e.g.,  synthetic  changes,  vary  all  the  way  from  inte 
exothermic  to  highly  endothermic,  it  is  to  be  expected  that  in  a| 
tinuous  series  of  Buch  changes  it  were  possible  that  chemical  chi 
with  zero  energy  change  could  occur  and  one  such  probable  instioflij 
has  been  cited  already  (p.  293),     Attention  may  also  be  called! 
the  artificial  character  of  our  classifications,  since  in  a  very 
sense  all  our  previous  discussions  have  involved  thermoche 
and  even  this  chapter  will  involve  many  other  classes  of  pbenoD 
The  exothermal  and  endothermal  relations  might  be  treated  i  . 
rately  but  in  order  to  emphasize  the  above  point  of  view  they  ^^| 
be  discussed  together. 

Factors  of  Heat  Energy  and  Methods  of  Measurements. 

As  with  other  types  of  energy,  convenience  is  gained  by  divia 
into  two  factors.     The  intensity  factor,  temperature,  detin 
whether  heat  transfer  will  take  place,  and  the  quantity  factor,  ^ 
is  a  measure  of  the  amount  of  energy  transferred  when  a 
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inge  takes  place.     The  factors  are  meaaureil  by  means  of  m 
variety  of  mstniments  the  discussion  of  which  is  the  province  of  a ' 
course  in  physics  or  of  physical  chemical  ineasurement^.     Hera.^ 
no  attempt  will  be  made  to  go  into  detail  but  a  general  summaiy 
will  be  given. 

Temperature  is  ordinarily  expressed  in  degrees  centigrade, 
Fahrenheit  or  Reaumur,  and  is  measured  either  by  the  cubic  axpan- 
gion  with  change  of  temperature  of  suitable  liquids  such  as  mercury 
or  alcohol;  or  of  gases  such  as  hydrogen  which  do  not  depart 
widely  from  Charles'  law  through  wide  ranges  of  temperature;  or 
by  the  change  in  conductivity  of  certain  metals  with  change  of 
temperature;  or  by  the  differences  of  electromotive  force  produced 
at  the  junction  of  two  dissimilar  metals  at  different  temperatures* 
For  low  temperature  measurements  either  the  hydrogen  gas  ther- 
mometer or  the  platinum,  so-called  *'  resistance  **  thermometer  are 
used.  At  ordinary  temperatures  the  mercury  thermometer  is 
employed,  and  where  small  variations  are  to  be  observed,  it  is 
usually  of  the  Beckman  type  (p.  163),  At  high  temperatures . 
the  platinum  iridium  couple  is  the  usual  device.  (For  details  of 
coustruction  and  use  see  texts  on  physics,)  The  units  of  tempera- 
ture have  already  been  given  {p.  77).  Practically  the  only  unit 
ever  employed  in  science  is  the  centigrade  degree  which  is  1/100 
of  the  difference  of  temperature  of  ice  in  equilibrium  with  water 
(freezing  point)  and  water  vapor  at  76  cm.  pressure  in  equilibrium 
irith  water  (boiling  point).  The  quantity  factor  of  heat  is  mm»^ 
teed  by  means  of  a  large  variety  of  instruments  called  by  Ibtj 
jfeeueral  name  of  calorimeters.  These  range  in  size  and  eompltxity 
Aom  the  huge  respiration  calorimeters,  which  are  eflSentilUly  in* 
BQlated  Uving  rooms,  used  for  the  study  of  the  energy  traaafof^ 
Nations  which  go  on  in  the  human  body,  to  the  small  ice  oalorim* 
gers,  which  measure  the  quantity  of  ice  melted  with  a  ■tfwf 
Itokt  change.  The  instruments  used  most  generally  by  the  ohnmM  1 
M  the  water  calorimeter  and  the  bomb  calorimeter,  (Vof  ^ 
■s  of  the  construction  and  operation  of  the  bomb  calorim<»i<Mr 
jfcsult  any  text  on  physical  or  physicochemical  meaaunMMIItaii  ^ 
for  a  particulariy  efficient  water  calorimeter  see  Pubtiisatioil  I ' 
f^the  Carnegie  Institution,  by  Richards.)  The  unit  quAnlily  i\f 
*^t  is  expressed  either  in  calories  or  joules,  prcfcrablv  by  llw 
fitter.    The  calorie  has  been  defined  (p.  43)  and  nUo  iu  n4iiiH\ii 

the  joule,  but  it  is  perhaps  as  well  to  restate  the  n^Utuni  imMi^ 
itely. 
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The  unit  of  heat  arbitrarily  defined  is  the  calorie,  the  amoont  of 
heat  required  to  raise  one  gram  of  water  from  15^  to  16**  eentigrode 
The  most  accurate  determination  of  the  mechanical  equivalent  ol 
heat  gives  as  the  value  1  caL  =  42,660  gram  centimeters  (Ca) 
lender  and  Barnes,  Phil.  Trans.  199,  p-  149)  and  thi8  value  times  t 
gravitation  constant  980.5  gives  4.183  X  10^  ergs.  The  joule 
defined  as  10,000,000  ergs.  1  caL^  therefore,  is  equal  to 
joules.  It  may  be  well  also  to  call  attention  to  the  fact  that  fr^ 
quently  units  1000  times  as  great  as  these  are  employed  and  dis- 
tinguished by  differences  in  abbreviations  employed.  Thu8  I 
(kilo-  or  greater  calorie)  =  1000  caK  and  1  J,  (kilo-  or  neater  j< 
—  1000  j.  Occasionally  also  one  encounters  the  use  of  the  syml 
K  for  a  unit  of  heat  equal  to  100  caL  In  this  discuasioii, 
throughout  the  book,  the  smaller  units  are  employed.  In  t^echnical 
work  in  the  United  States  and  the  British  Empire  the  commonly 
employed  unit  of  heat  is  the  British  Thermal  Unit  (B.t.u,).  (Sec 
p.  77,) 
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Law  of  Lavoisier  and  La  Place.  —  What  is  sometimes 

the  fundamental  law  of  thermochemistry  is  an  obvious  coroITaiT 
of  the  law  of  conservation  of  energy.  If  a  chemical  reaction  takiss, 
place  with  evolution  of  a  certain  quantity  of  heat  exactly  the 
amount  of  heat  is  absorbed  when  by  any  means  the  reaction  I 
reversed  and  the  materials  are  brought  back  to  their  original 
dition.  It  is  called  the  Law  of  Lavoisier  and  La  Place  becauff 
first  stated  by  them  in  1 780,  long  before  the  law  of  conservation  of 
energy  was  recognized  as  a  universal  law.  The  validity  of  tto 
principle  is  recognized  in  the  terras  through  which  we  express  hfiit 
relations.  Thus  by  the  "  heat  of  formation  '*  of  a  compound  w« 
mean  the  energy  in  the  form  of  heat  (or  other  form  of  energ>') 
which  is  either  produced  or  absorbed  when  a  formula  weight  ia 
grams  of  the  compound  is  produced  or  the  reverse  proceaa  lata 
place.     Thus  when  in  an  equation  we  write,  e.g», 

2P  +  50  ?=i  FjOfr  +  370,000  cal., 

we  mean  that  370,CK)0  calories  are  produced  when  142  g.  of  phos- 
phorus pentoxide  are  made  and  this  same  quantity  is  absorbed 
when  this  quantity  of  pentoxide  is  decomposed.  In  writing  micb 
equations  we  must  bear  in  mind  that  any  change  of  state  alw 
involves^  energy  changes   and   consequently  unless   the  etatd  of 
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^ition  of  materiala  is  obvious  it  should  be  stated.     The  fol- 

3wiiig  cooventioiis  are  used: 

2Hi  +  Os  -^  2H,0^  +  118,800  cal, 
2H,  +  Qi  -*  2HiOuq^m  +  136,800, 

where  the  subscripts  **  gas  '*  and  '*  liquid  "  indicate  the  gaseous 
id  liquid  states  respectively.     Sinjilarl>%  the  fact  that  a  substance 
in  aqueous  solution  is  indicated  by  the  subscript  *'  aq." 
In  writing  energy  equations  such  as  the  above  it  will  be  ob- 
erved  that  the  mass  of  the  substances  on  the  left  side  of  the  equa- 
ions  differs  from  the  mass  of  the  material  on  the  right  by  quantities 
Btf  energy.     It  would  appear  then  that  free  hydrogen  and  oxygen 
iffer  from  the  mass  represented  by  their  symbols  by  a  certain 
juantity  of  energy.     This  had  led  to  a  distinction  between  **  simple 
ibstances  "  and  elements.     Thus  Alexander  Smith  (see  Smithes 
lorganic  Chemistry,  p,  32)  defines  an  element  as  a  *'  kind  of  matter 
rhich  never  exists  alone.     It  is  always  combined  with  more  or 
chemical  energj"  and  often  with  some  other  element  or  elements 
well/'  but  *'  a  simple  substance  has  independent  existence  and 
'contains  but  one  element  combined  with  a  certain  quantity  of 
energy,'*     There  is  a  certain   value  in  this  conception,  since  it 
enables  us  to  express  the  relation  between  allotropic  forms  of  ele- 
ments.    Thus  red  and  yellow  phosphorus  differ,  not  in  the  mass, 
but  in  the  energy  content;   and  similarly  for  charcoali  graphite, 
and  diamond;   oxygen  and  ozone»  etc.     It  is,  however,  impossible 
at  present  to  state  how  much  energy  is  associated  with  any  elemen- 
tary substance  since  not  only  does  the  energy  appear  in  the  free 
form  (heat,  light,  etc.)  only  when  two  elements  interact  and  there- 
fore presumably  comes  in  part  from  both,  but  the  compounds 
formed  also  certainly  still  possess  energy,  since  by  further  reaction 
with  still  other  substances  energy  may  be  again  liberated.     An- 
other viewpoint  is  presented  in  the  footnote  on  p.  42, 


The  Law  of  Constant  Heat  Summation.  —  This  law,  as 
stated  by  Hess  (see  Ostwald*s  Klassiker  No.  9,  p,  11)  is  as  follows: 
''  If  a  compound  is  formed  the  heat  of  formation  is  the  same  whether 
formed  directly  or  by  several  successive  steps."  This  generaliza- 
tion is  also  a  corollary  of  the  law  of  conser/ation  of  energy  but  was 
developed  before  the  more  general  tnith  was  established  and  haa 
Bome  applicationB  of  special  interest.     The  fundamental  experimental 
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upon  which  Hess  based  his  conclusion  may  be  translated  into  our 
present  forms  of  expression  as  follows: 

The  heat  of  dilution  of  sulfuric  acid  with  water  was  first 
termined.     Thus : 

HjSOi  +  H,0  -» H,S04  •  H,0  +  6100  cal. 
HjSO*  +  2H,0  -» HjSO*  •  2H,0  +  8900  cal. 
H,SO«  +  5H,0  -» HtSO*  -  5H,0  +  12,000  cal. 

If  now  sulfuric  acid  and  the  hydrated  acid  are  treated  with  am- 
monia in  aqueous  solution  the  following  results  obtaio:  i 

HsSO«  +  2NHi  aq. -►  (NH,)tSO«  aq.    +  47,400  oL 

H,S0i.H,0  +  2NH,aq.  ^(NHOiSOiaq.    +41,700  j 

H,0  +  H,SO«^H,SO«.H,0       +   6,100  ' 


47.800  cal 


H,S04-2H,0  +  2NH,aq.- 
2H,0  +  HiSO«  - 

HiSOi .  5H,0  +  2NH,  aq. - 
5H»0  +  H,S0,- 


(NH«),S04  aq. 
H,SO« .  2H,0 


(NH0iSO«  aq. 
HjSO«  •  5H,0 


+  39,000 
+    8,900 

i 

+  36,000 
+  12,000 


47,900  ( 


r 


h 


48,000  < 

The  variation  of  these  values  from  constancy  Hess  rightly  esteemed 
as  due  to  experimental  error  and  followed  these  initial  experimeiiU 
with  a  series  of  others  designed  to  show  the  same  relation.  The 
specially  useful  feature  of  the  law  lies  in  that  we  can  obtain 
edge  of  heat  relations  which  cannot  be  directly  detei 
The  ease  of  carbon  monoxide  (p.  334)  is  an  example.  The  heat 
combustion  of  the  monoxide  to  the  dioxide  and  that  of  cart 
to  the  dioxide  can  be  directly  determined.  The  difference  (97 ,c 
—  68,000  =  29,500)  is  the  heat  of  formation  of  the  monc 
(An  extensive  list  of  heats  of  formation  is  found  in  the  Lai 
Bernstein,  and  Meyerhoffer  Tables  which  are  an  essential  to  ev€ 
departmental  library.) 

The  fact  that  in  general  reactions  take  place  more  readily 
the  greater  the  heat  evolved  and  that  in  general  the  greater  the 
heat  of  formation  of  a  compound  the  more  stable  toward  decom* 
position  by  use  of  temperature  led  to  efforts  to  use  thermochemicfll 
data  to  anticipate  what  reactions  will  take  place  under  given 
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>nditions.  The  first  important  effort  io  this  direction  is  known 
the  principle  of  maximym  work,  announced  by  Berthelot  (1879). 
f *  Every  chemical  process  accomplished  without  the  intervention 
external  energy  tends  to  produce  that  substance,  or  system  of 
ibstances,  which  evolves  the  most  heat.*'  While  this  state- 
lent  is  not  correct  in  the  form  stated  it  is  "  a  close  approximation 
a  strictly  valid  law/*  but  it  precludes  the  possibility  of  spon* 
ineous  endothermic  actions  which  we  know  certainly  take  place, 
i.g.f  the  evaporation  of  liquids  and  certain  solids,  the  formation 
acetylene  and  cyanogen  at  high  temperatures^  etc.  The  law 
rould  also  lead  one  to  expect  all  exothermic  reactions  to  go  to 
jmpletion  and  this  is  contrary  to  the  principle  of  reversibility 
involved  in  the  law  of  mass  action  (q.v,).  We  also  find  that 
le  statement  does  not  account  for  the  initial  **  push  "  needed 
initiate  many  reactions  nor  the  effect  of  catalytic  agents  on  the 
speed  of  reactions.  It  is  for  these  reasons  that  the  heat  evolu- 
tion of  reactions,  while  an  indication  of  affinity  (the  intensity 
factor  of  chemical  energy),  is  not  a  measure  of  it*  The  heat  of 
formation  take^  into  account  the  total  chemical  energy  converted 
into  heat  but  not  the  quality  of  the  change.  However,  through 
study  of  this  'Maw  **  of  Berthelot  in  an  effort  to  bring  it  into  accord 
with  the  facts,  Le  Chatelier  was  )ed  to  an  immensely  more 
comprehensive  law  which  has  already  been  utilized  (p.  139). 
This  law,  or  theorem j  **  Any  system  subjected  to  a  stress  tends 
to  move  in  such  a  manner  as  to  undo  ^e  stress,'^  makes  clear 
the  reason  so  many  exothermic  reactions  fail  to  go  to  completion 
since  the  rise  of  temperature  produced  by  heat  evolution  would 
produce  a  stress  which  reversal  of  the  reaction  would  tend  to 
undo.  It  would  also  follow  from  this  theorem  that  rise  of  tem- 
perature should  tend  to  decompose  all  exothermic  compounds 
and  this  is  in  accord  with  facts  as  we  know  them.  It  would  also 
follow  from  the  theorem  that  high  temperatures  should  favor 
the  formation  of  endothermic  compounds.  This  we  find  also 
to  be  true  (vide  ozone^  acetylene,  cyanogen,  nitric  oxide,  etc.). 
On  the  other  hand,  if  the  principle  of  maximum  work  represents 
an  approximation  to  facts  it  is  difficult  to  understand  how  any 
endothermic  compound  even  if  formed  at  high  temperature  could 
escape  decomposition  before  reaching  the  ordinary  temperaturei 
since  by  its  decomposition  energy  is  liberated.  Of  course,  we 
realize  that*  any  process,  even  exothermic  processes,  becomes 
slower  with  lowered  temperature  and   consequently  by  sudden 
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cooling  a  temperature  may  be  reached  at  which  a  given  dc 
position  of  an  endothermic  compound  is  so  slow  that  practic 
permanency  obtains.  Thus,  hydrogen  peroxide  decomposes 
slowly  at  ordinary  temperature,  though  the  change  is  exothermic 
So  also  oxidation  reactions  at  ordinary  temperature  may  be  very 
slow  even  when  highly  exothermic.  There  are,  however,  maDy 
cases  such  as  the  formation  of  nitric  anhydride  by  distillatioa 
of  nitric  acid  with  phosphoric  anhydride,  the  preparation  of  h>TKJ- 
chlorous  acid  by  distillation,  etc.,  in  which  by  further  decompo 
sition  more  energj"  would  be  evolved*  The  fact  remains  tfc 
such  reactions  are  numerous  and  even  where  reactions  proce 
spontaneously  they  may  go  forward  by  steps  and  intermediAti 
endothermic  substances  may  be  produced.  (Ostwald*s  law  of  1 
formation  by  steps.)  The  facts  formulated  under  the  he^ds  of  th 
law  of  Lavoisier  and  La  Place,  of  constant  heat  summation  and  ( 
maximum  work,  and  even  that  of  Le  Chatelier  still  leave  one  \  _ 
able  to  know  in  advance  whetherp  when  two  or  more  substance! 
are  brought  together,  a  reaction  will  take  place  and  leave  m^ 
answered  the  question  as  to  what  causes  chemical  action. 


Laws  of    Thermoneutrality  and  NeutmliMaiian* — In  thf 

same  series  of  papers  (see  OstwakFs  Klassiker,  No.  9,  1 84 1-1843) 
in  which  Hess  announced  the  law  of  constant  heat  summatiofl 
he  also  arrived  at  another  statement,  which,  while  not  stricllf 
valid,  is  the  more  interesting  on  that  account.  In  most  cases  if 
neutral  salts  are  mixed  when  in  dilute  solution  no  thermal  chmc^ 
takes  place*  At  first  glance  it  would  seem  according  to  the  law 
of  mass  action  that  a  heat  change  must  take  place  unless  the  heat 
of  formation  of  both  salts  is  the  same.  Thus,  we  might  expeel 
NaNOs  +  KCl  ^  KNOi  +  NaCI.  In  the  light  of  the  ionization 
hypothesis,  however,  in  dilute  solution  both  salts  are  practical}" 
completely  ionized  as  also  are  the  products  above  indicated; 
hence  we  have  only  the  ions  Na^  +  N0|'  +  K**  +  CI',  both  befort 
and  after  mixing  the  solutions.  Further,  the  exceptions  to  ihe 
validity  of  Hess'  statement  are  also  to  be  expected.  These  occur 
when  one  or  both  of  the  salts  used  are  poor  conductors  of  €le<*- 
tricity  and  show  other  evidences  of  small  ionization  and  in  such 
cases  reaction  should  take  place.  Another  observation  of  Heai 
which  likewise  had  to  await  the  theory  of  ionization  for  explaai- 
tion  was  the  constant  heat  of  neutralization  of  dilute  acida  by 
dilute  bases,  p.  179.     A  few  examples  follow: 
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HCl  aq/+  NaOH  aq.  ->  NaCl  aq.  +  HjO  +  13,750  cal., 
HNO3  aq.  +  NaOH  aq.  -^  NaNO,  aq.  +  HiO  +  13,680  cal., 

HCl  aq.  +  KOH  aq.  -*  KCl  aq.  +  H,0  +  13,700  cal, 
HNO,  aq.  +  KOH  aq.  -^  KNOs  aq,  +  mO  +  13,770  cal. 

This  practical  constancy  finds  explanation  through  ionization  in 
Ihat  in  dilute  solution  both  acid  and  ba^se  and  also  the  salt  formed 
ire  completely  ionized,  while  by  neutralization  water  is  formed  and 
lerefore  H'' +  OH' -^^  H2O  +  ISJDO  cal  When,  however,  weak 
^cids  are  neutralized  by  strong  bases  the  heat  produced  varies 
idely,  from  13,700.  The  same  is  also  true  when  weak  bases 
3ict  with  strong  acids.  For  example,  formic  acid  and  sodium 
lydroxide  show  a  heat  of  neutralization  of  13,400  cal.  while  formic 
cid  and  ammonium  hydroxide  give  only  11,900  cal,  A  still 
lore  marked  example  is  that  of  hydrocyanic  acid  and  sodium 
lydroxide,  where  the  hent  of  neutralization  is  only  2900  calories, 
The  explanation  of  these  variations  is  that  the  weak  acids  and 
>a3es  being  at  the  beginning  but  partially  ionized  the  differences 
ire  due  to  energy  absorbed  during  ionization.  Since  in  the  alx>ve 
hydrocyanic  acid  is  practically  unionized  in  dilute  solution 
Jr/.  p,  175)  its  heat  of  ionization  is  practically  2900  -  13J00 
-10,800  calories. 

Heat  of  lonLsation^  —  Since  13,700  calories  of  heat  are  liber- 
ated when  water  is  produced  from  H'*  +  OH'  — ♦  HjO  and  the  heat 
>f  formation  of  wat«r  is  68,400  cal.  it  follows  therefore  that  the 
leat  of  ionization  of  water  is  13,700  -  68,400  =  -54,700  cal. 
It  was  shown  on  p.  504  that  but  a  very  small  expenditure  of  energy 
recjuired  to  ionize  hydrogen  and  if  we  therefore  take  it  as  zero 
"the  heat  of  formation  of  hydroxy!  ions  from  water  may  be  consid- 
ered as  very  close  to  —  54J0O  cal.  and  it  follows  that  to  produce 
hydroxyl  ions  from  hydrogen  and  oxygen  involves  the  evolution  of 
54,700  caK  In  a  similar  manner  since  the  heat  of  formation  of 
potassium  hydroxide  is  116,500  cal.  the  heat  of  formation  of  potas- 
siium  ions  is  116,500  -  54JTO  =  61,800  cab 

The  following  table  .shows  the  heat  of  formation  of  a  few  of 
the  commoner  ions  as  arrived  at  by  this  method.  It  should  be 
recalled  that  these  values  represent  the  heat  evolved  when  the 
ions  are  produced  from  the  elements  or  absorbed  when  produced 
from  their  compounds. 
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Ion. 

HMt  or 
formfttbn. 

lOD. 

H. ..<.,. 

0  0 

61.000 

57,600 

62,900 

32,800 

109.000 

100.000 

121,000 

50,200 

22,200 

-0,800 

17,000 

16,000 

35,100 

18,400 

Cu"' 

Hgr 

Ag 

Pb.. 

-ISM 

K 

-I6.O0O 

Na. ,*,-....... 

—  19^ 

Li... 

-25,000 

NHi..,, ...,..,. .»,*.... 

W 

Mk ,,, 

Sn**,,..,....^ 

SJOO 

Ca 

CI ,. 

39v300 

Al , . 

Br 

r .. 

80* . 

NOi . 

COi 

IS,300 

Mn 

13,10(} 

Pe*", 

214.000 
49,000 

Fe*****'.,,,. 

Co 

161 109 

Ni ..,. 

OH. _.,. 

54.700 

Zn. 

NO|.... 

27.000 

Cd...   

SOj 

151300 

The  heat  of  formation  of  ions  may  be  calculated  from  the 
difference  of  potential  between  a  metal  and  a  solution  of  its  aaltfi 
together  with  the  temperature  cx)efficieet  by  means  of  the  Gibta- 
Helmholtz  equation  (see  texts  on  physical  chemistry)  and  also 
from  the  variation  of  the  equilibrium  constant  with  temperature 
(van't  Hoff's  laochore  Equation),  The  results  agree  fairly  wei! 
with  those  above  detailed  but  are  by  no  means  exactly  the  same. 
It  may  readily  be  that  the  discrepancies  are  due  to  the  fact  that 
when  the  heat  of  formation  of  substances  is  determined  the  values 
obtained  are  the  resultant  of  at  least  the  following  factors;  the 
heat  of  formation,  the  heat  of  ionization,  the  heat  of  hydration 
and  the  heat  of  conversion  from  gaseous  or  solid  to  the  liquid 
state  and  the  consequent  changes  in  volume.  Since  the  effect 
of  these,  and  perhaps  other  factors,  cannot  be  studied  while  the 
others  remain  constant  the  heats  of  ionization  can  be  considered 
as  only  approximate. 

Heat  of  Solution.  —When  either  gases,  liquids  or  solids  <S>- 
solve  in  a  liquid  there  is  a  certain  heat  effect  which  may  be  either 
positive  or  negative.  This  is  known  as  the  heat  of  solution  and 
is  expressed  in  calories  per  formula  weight  of  solute.  If  not  other* 
wise  indicated  it  also  indicates  an  amount  of  solvent  such  thai 
further  addition  produces  no  measurable  effect.  Thus,  the  heat 
of  solution  of  sulfuric  acid  is  said  to  be  17,900  ral.»  meaning  that 
this  quantity  of  heat  is  evolved  when  98  g.  of  acid  are  placed 
in  an  indefinitely  great  quantity  of  water.     We  know  in  this 
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ice  and  in  many  others  that  definite  hydrates  are  formed, 

for  example  with  calcium  oxide,  hydrochloric  aeid,  etc.     Yet 

water  is  gradually  added  there  are  no  sharp  changes  in  the 

ite  of  heat  evolution  such  as  one  would  expect  from  the  formation 

definite  hydrates.     The  heat  of  solution  of  acids  and  of  ba«es  is 

lly  positive  but  varies  greatly.     The  heat  of  solution  of  salts 

usually  negative  and  may  in  part  be  due  to  the  conversion  from 

le  solid  to  the  "  gaseous  "  state  in  which  they  exist  in  solution. 

part  of  the  heat  which  would  otherwise  be  evolved  in  solution 

undoubtedly  absorbed  by  the  ionization  process.     The  follow- 

table  presents  the  heat  of  solution  in  water  of  a  few  of  the 

iore  common  substances: 


CftL 

HO 20,300 

HjSOi 17,900 

NH, 8,400 

HNO, 7,200 

H»PO«..,, 2,700 

KOH 13,300 

NftOH 10,900 

Ca(OH), 3,000 


NaCl -  1,200 

KCL, -  3,100 

NH*a -  4,000 

NH*NO» -  6,400 

KNQ, -  8,500 

CaCl........  -17,400 

MgSOi. -20,300 


Temperature  and  Heat  of  Forfnation,  —  The  heat  of  for- 
mation of  substances  is  not  wholly  independent  of  the  tempera- 
ture at  which  they  are  formed-  Thus  the  heat  of  formation  of 
bydriodic  acid  is  at  ordinary  temperatures  —6100  cal,  while  at 
620°  it  is  2200  cal.  (Zeit.  fur  Phys.  Chem.,  29,  p,  313).  The 
explanation  of  this  apparent  anomaly  is  that  the  first  value  is 
the  heat  of  reaction  between  solid  iodine  and  gaseous  hydrogen, 
while  the  second  is  between  the  partially  dissociated  gases.  To 
convert  iodine  from  a  solid  to  the  gaseous  form  requires  the  dis- 
sociation of  the  molecules  and  the  absorption  of  heat.  When 
the  two  gases  are  brought  together  at  high  temperature  these 
losses  do  not  have  to  be  compensated.  In  determining,  there- 
fore, heats  of  reaction  (including  heats  of  combustion)  changes 
of  state  have  to  be  taken  into  account  as  well  as  changes  of  specific 
heat  with  change  of  temperature.  To  enter  into  a  discussion 
of  these  matters  would  lead  us  too  far  into  the  special  fields  of 
physical,  as  well  as  of  industrial,  chemistry*  They  are,  however, 
of  considerable  interest  from  both  a  theoretical  and  a  technical 
etandpoint. 
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Exerche8,  —  1.   If  a  calorimeter  contains  3000  cc*  of  water,  i" 
quantity  of  iron  weighing  500  g.,  and  of  glass  weighing  50  g.  (6p^ 
cific  heat  of  the  glass,  0.20),  and  of  copper  equal  to  330  g.,  what  ii 
the  quantity  of  heat  represented  when  the  calorimeter  is  raised 
2**  C.  in  temperature? 

2.  If  the  heat  of  formation  of  acetylene  is  —51,400  calories, 
of  water  68,400  calories,  of  carbon  dioxide  97,500  caloriee,  how  much 
heat  is  produced  by  burning  a  formula  weight  in  grams  of  acetylcDe^ 

3,  In  order  to  determine  the  temperature  produced  in  a  per- 
fectly isolated  system  when  a  formula  weight  of  acetylene  is  burned 
what  factors  must  be  know^n? 

4,  What  is  the  heat  of  formation  of  zinc  chloride  in  dilute  solu* 
tion  if  the  reaction,  Zn  +  2HC1  aq.  =  ZnCUaq.  +  H|  +  34,400 
caL  and  the  heat  of  formation  of  HCl  aq,  is  78,600  calories? 

5.  Calculate  the  heat  of  formation  of  sulfur  triozide  from  the 
following  data: 

PbO  +  S  +  30  ->  PbSO*  +  165,500  cal. 
PbO  +  HtSOi  •  5HjO  -^  PbS04  +  6H,0  +  23,300  cal. 
S  +  30  +  6HiO  -*  H,S04  •  5H4O  +  142,200  cal, 
•    8O1  +  6H,0  ->  HiSOi  •  5H»0  +  41,100  caL 


CHAPTER  XXXI 
THE  FOURTH  GROUP 


The  elements  of  the  fourth  group  are  best  considered  in  three 
iub-groups.  The  first  two,  carbon  and  silicon,  being  distinctly  acid 
forming,  have  already  been  considered.  (Chap.  XIX^XXIL)  The 
pther  members  form  two  sub-groups  which  are  metallic  in  character. 
ms  is  usual  acid  character  decreases  with  lower  valency  and  with 
Increased  atomic  weight.  Sub-group  A  consists  of  titanium,  zir- 
p^onium,  cerium,  and  thorium.  All  of  these  are  usually  classed  as 
rare  elements.  Titanium  is  very  abundant  in  nature  but  has  as 
ret  found  but  limited  technical  application.  On  the  other  hand, 
cerium  and  thorium  corapoonds  though  sparingly  found  in  nature 
are  becoming  increasingly  familiar,  due  in  part  to  their  technical 
uses  and  in  part  to  their  very  interesting  chemical  relations  (vide 
infra).    The  elements  of  sub-group  B  are  germanium,  tin,  and  lead 

knd  while  none  are  among  the  elements  of  more  frequent  occur- 
ence, and  germanium  is  very  rare,  yet  the  varied  uses  of  tin  and 
%d  make  them  of  frequent  encounter.     This  sub-group  will  there- 
are  be  first  discussed. 

Germaniutn*  — The  chief  interest  attachiuR  to  germanium  is  the  remark- 
Ible  manner  in  which  it  confonns  to  the  properties  anticipated  by  McndeJeeff  for 
bk*-«UooD  and  already  detailed  on  p.  210.  It  is  found  m  two  very  rare  minerals 
krgjrodite  and  canflelditei  both  of  which  are  silver  sulfide  mioeraln.  The  Latter 
|K*curs  in  Bolivia  and  the  former  near  Freiberg,  Germany.  The  analysi*  of  the 
irgjTodite  by  Winkler  gave  in  a  given  cajse,  17,04  per  cent  sulfur,  76.06  per  cent 
lilver  and  0.13  per  cent  iron  and  fine.  The  search  for  the  remaining  6.78  per 
^nt  resulted  in  the  diacovery  of  the  element.  It  proved  to  have  the  atomic 
ireight  72.05  and  to  be  both  bivalent  and  tetravalent.  The  general  properties  of 
|he  bivalent  salts  are  analogous  to  the  corresponding  compounds  of  silicon  while 
ttioae  of  the  tetravalent  type  more  closely  resemble  those  of  tin.  There  have  so 
■ur  developed  no  possible  Udes  of  the  element  or  its  compounds. 


Tin 


Occurrence.  —  Tin  occurs  native  in  very  small  quantities^  but 
stically  the  only  oomnaercial  source  of  the  metal  is  cassiterite 
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or  tinstone,  SnOa*  Small  quantities  of  it  occur  as  "  impuritj  ** 
in  other  ores  and  mineralR  but  these  are  not  used  as  a  source  of  the 
metal.  Casaiterite  occurs  in  masses  in  veins  in  the  older  cryBtil* 
line  rocks  and  is  frequently  found  as  water-wora  pebbles  in 
streams,  hence  the  name  '*  stream  tin/*  The  two  greatest  Bomm 
of  tin  are  Cornwall  and  the  Malay  Peninsula.  Smaller  quantitiw 
are  produced  in  various  other  localities.  No  tin  is  produced  in  the 
United  States,  though  deposits  of  tin  are  reported  from  Alaska. 

Hifttary.  —Tin  is  one  of  the  seven  ancient  metals  and  its  ; 
JJf   was  that  assigned  by  astrologers  to  the  planet  Jupiter, 
early  history  of  tin  is  somewhat  obscure.     It  is  not  certain  whethe 
the  tin  of  the  ancients  came  from  India  or  from  Cornwall,  but  it 
certain  that  before  the  daj^  of  CsBsar's  conquest  of  Britain, 
was  mined  in  Cornwall,     The  Latin  name  for  tin  was  *'  stannum,*^ 
hence  the  names  usually  applied  to  tin  salts  and  the  symbol,  Sa 
The  bitter ne^ss  of  tin  alloys  led  to  the  alchemistic  term  **  Deril*i 
metal  '*  for  tin. 

Freparatmn,  — In  the  metallurgy  of  tin  the  ore  is  firet  coneeo 
trated  by  washing  away  the  relatively  lighter  gangue.     FrequeDtlj| 
the  ore  is  associated  with  iron  oxide  or  sulfide,  difficult  to  remov 
by  concentration.     Such  ores  are  roasted  and  then  separated  hj 
being  passed  through  a  strong  magnetic  field  in  such  a  manner  tbA^ 
the  fall  of  the  oxide  of  iron  is  deflected  by  the  field.     This 
effects  separation  from  tungsten  oxide  if  present.     The  conceo 
trated  ore  is  heated  in  a  furnace  with  charcoal  and  the  reduced 
metal  drawn  off  and  cast  in  ingots  known  as  "block  tin/^    Tb«J 
block  tin  may  be  purified  by  **  liquation '*  or  "poling."     Tin  i^J 
also  recovered  from  '*  tinware  ''  by  treatment  with  chlorine. 

Properties. — Tin  is  a  lustrous  white  metal.     It  does  not  tar* 
nish  in  the  air.     It  is  soft  and  readily  worked  but  is  not  so  soft  ns 
lead     It  is  both  ductile  and  malleable.     It  is  most  malleable  at 
about  100^  at  higher  temperatures  it  becomes  brittle  and  at  20(f  i«  j 
readily  converted  to  a  powder.     Its  melting  point  is  232*,  but  it  I 
does  not  boil  until  2275*  (cf.  other  metals).     Its  specific  gra\Hty 
IS  5.86.     It  can  be  prepared  in  three  allot ropic  modifications  (cfJ 
iron).     The  malleable  variety  of  tin  is  formed  when  tin  is  kept  at] 
temperatures  above  20**  C.  and  below  170***     If  tin  be  cooled  below  | 
that  point  it  tends  to  pass  into  a  gray  crystalUne  variety  with 
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an  expansion  in  volume.  This  reaction  is  veiy  slow  indeed  so  that 
tin  can  be  kept  in  the  malleable  form  almost  indefinitely,  yet  it  is 
in  a  metastable  condition.  Strangely  enough  the  speed  of  the 
change  appears  to  increase  with  lowering  of  the  temperature  until 
it  reaches  a  maximum  at  —48*',  It  follows  that  block  tin  pipes  will 
disintegrate  and  fall  to  powder  at  low  temperatures.  This  change 
from  metastable  to  stable  form  is  facilitated  by  ^^  inoculation," 
ms  is  always  the  case  with  metastable  forms^  so  that  if  once  the 
change  is  initiated  it  proceeds  fairly  rapidly  and  gradually  spreads. 
fThis  change  is  known  as  **  tin  disease***  The  malleable  tin  is 
cr>'8talhne  in  the  tetragonal  system  and  if  a  stick  of  tin  be  bent 
a  grating  sound  of  the  crystals  rubbing  upon  one  another  is  caused, 
known  as  "  tin  cry.**  At  170"^  or  above,  tin  gradually  changes  into 
rhombic  variety  known  as  **  brittle  tin/'  the  formation  of  which 
the  cause  of  its  brittleness  at  200*^  previously  mentioned. 

Tin  dissolves  slowly  in  acids  (see  electromotive  series),  with 
oxidizing  acids  the  result  of  treatment  varies,  e.g.,  with  dilute 
nitric  acid,  stannous  nitrate  is  formed  Sn(NO^)a  but  if  not  too 
concentrated  acid  be  used  tin  is  oxidized  to  stannic  oxide,  SnOi, 
known  as  raetastannic  acid  (ride  infra).  If  very  concentrated 
acid  be  usetl  it  is  practically  without  action  (see  passive  state 
of  metals),  Boihng  alkalies  slowly  dissolve  tin  with  hberation 
of  hydrogen  to  form  stannates  (g.t?-)» 

Tin  has  an  atomic  weight  of  1 19,  a  weight  arrived  at  not  only 
by  analysis  of  its  oxides  but  also  by  its  specific  heat  value,  which 
is  0.055,  and  by  its  isomorphic  relations  with  titanium.  Tin  is 
usually  divalent  in  compounds  in  which  it  is  a  **  positive*'  factor 
and  is  tetravalent  in  its  acid  forms.  Its  compounds  are  in  certain 
cases  distinctly  amphoteric  as  is  to  be  expected  from  its  place 

the  periodic  system. 


Umcs.  —  Tin  is  made  by  the  thousands  of  tons  annually  and 
used  in  a  variety  of  ways;  the  most  important  being  in  the  manu- 
facture of  **  tin  plate."  This  is  made  by  dipping  sheet  iron> 
which  has  been  carefully  cleaned,  into  molten  tin.  A  thin  film 
of  tin  adheres  to  the  surface  of  the  iron  and  protects  it,  so  long 
the  film  is  perfect,  from  the  action  of  moist  air.  This  tin  plate 
used  for  cans,  drinking  and  cooking  utensils,  buckets,  roofs, 
spouting,  etc.,  et<^.  When  a  break  occurs  in  the  sutface  the  iron 
rusts  more  rapidly  than  it  would  in  the  absence  of  the  tin  because 
f   the  electromotive   forces  set   up.     Copper   and   other   metals 
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may  be  likewise  tiii  plated.     Tin   is  also  used   as   material 
making  pipes^  where  freedom  from  corrosion  or  solution  is  d^l 
maoded,  as  tin  foil  and  for  the  manufacture  of  a  long  liat  of  aIIoyi| 


Compounds.  Alloys.  —  Tin  amalgam  is  used  in  making  mi^ 
rors.  For  this  purpose  tin  foil  is  pressed  upon  glass  pUt«6  aoi 
after  mercury  is  poured  over  it,  is  rolled  until  the  amalgam  ad* 
heres  closely  to  the  glass.  The  better  grade  mirrors  are  ttoir 
silvered.  The  most  important  alloy  of  tin  is  solder,  which  » 
manufactured  with  varying  proportions  of  tin  and  of  lead  for 
special  purposes.     (For  other  aIlo3rs  see  table  of  allo3'8,  Appendix.) 

HaMdes  of  Tin.  —  There  are  two  series  of  tin  halides  of  which 
only  the  chlorides  are  important*  Stannous  chloride,  SnCIt, 
formed  when  tin  dissolves  in  hydrochloric  acid.  It  forma  colo 
less  crystals,  SnClj  •  2HiO.  When  heated  the  crystals  partii 
hydrolyze,  also  when  the  aqueous  solution  is  largely  diluted, 
the  first  case  stannous  oxychloride  is  formed  and  in  the  latte 
the  basic  hydroxychloridei  SnOHCl,  insoluble,  is  formed* 
rather  readily  passes  over  to  the  stannic  salt,  SnCU,  and  is  there- 
fore frequently  used  as  a  reducing  agent,  particularly  in  iron 
analysis  and  with  mercuric  salts.     The  reactions  being: 


SnClt  +  HgClt 
SnCli  +  2FeCl3 


Hg  +  SnCl4, 
2FeCl,  +  SnCU 


It  is  also  oxidized  by  the  air  and  in  neutral  solution  the 
may  be  expressed: 

eSnCli  +  2HiO  +  Oi  -^  4Sn(0H)Cl  +  2SnCl4. 


The  stannic  chloride  hydrolyzes  also,  so  that  the  precipitaie 
formed  is  likely  to  be  a  mixture  of  stannic  oxide  and  stannous 
oxychloride.  All  these  reactions  are  reversed  by  the  preseiK 
of  an  excess  of  hydrochloric  acid  and  presence  of  metallie  tin 
prevents  oxidation  to  the  stannic  salt.  If  the  stannous  ehlorider 
made  by  heating  tin  with  hydrogen  chloride  gas,  is  heated  it 
boils  at  a  little  above  6W.  Stannous  chloride  will  unite  with 
iodine  to  form  SnClglf.  Stannic  chloride  is  a  fuming  oolorles 
liquid,  b*p.  11 3. 9^  It  is  made  by  heating  tin  with  an  excess  of 
chlorine.     It  will  unite  with  water  to  form  a  aeries  of  hydrates 
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It  hydrolyzes  com- 


^ntaining  3,  5  and  8  molecules  of  water, 
^letely  on  standing  with  water: 

SnCU  +  4HaO  -^  Sn(0H)4  +  4HC1, 

id  the  latter  is  readily  dehydrated.     It  also  readily  forms  double 

Its  with  the  alkali  chlorides  of  which  KjSnCU  may  serve  as  a 

The  stannic  chloride  is  to  be  regarded  as  a  distinctly  non- 

letalUc  chloride  from  the  fact  that  in  solution  in  water  it  is  at 

at  a  non-conductor,  i,€,f  is  not  ionized.     Of  course  as  hydrolysis 

proceeds  the  solution  becomes  a  conductor  owing  to  the  formation 

^f  hydrochloric  acid*     Both  the  stannic  and  stannous  chlorides 

ind  their  derivatives  are  used  as  mordants  in  dyeing.    A  mordant 

a  substance  which  is  insoluble,  or  becomes  insoluble*  in  contact 

ith  material  to  be  dyed  and  adheres  firmly  to  the  material. 

lien  soluble  colored  substances  are  added,  the  mordant  forms 

ith  it   an  insoluble    colored   compound,  or    lake.     The  use  of 

[lordants  in  cloth  manufacture  is  very  extensive^  particularly  with 

>tton  and  linen  goods. 

Oxides  and  Hydroxides  of  Tin.  —  When   stannous  salts  are 

ited  with  bases  the  insoluble  hydroxide  is  formed  which  with 

trong  bases  goes  into  solution  forming  salts,  the  stannites.     These 

unstable  and  difficult  to  obtain  by  crystallization.     Indeed 

boiling  strong  solutions  of  stannites  simultaneous  oxidation 

id    reduction    takes    place    (c/.    chlorite^)    and    stannates    and 

metallic    tin    are   fornied.     By   heating    stannous    hydroxide   or 

stannous  oxalate,  SnCjOi,  in  the  absence  of  air  the  black  stannous 

oxide  SnO  is  formed.     Stannous  hydroxide  also  dissolves  readily 

in  acids.     It  is  thus  amphoteric  and  is  more  markedly  baste  tb&n 

acidic. 

Stannic  hydroxide  is  not  known  in  pure  form.  When  stannic 
chloride  is  treated  with  bases  a  jelly-hke  mass  is  precipitated  which 
is  probably  the  substance  but  it  gradually  loses  water  until  the  oxide 
SnOt,  remains*  This  acta  as  an  acid  anhydride  and  dissolves  readily 
in  strong  bases  to  form  stannates  of  the  formula  MiSnOi.  We 
^ave  then  this  series  of  changes: 

SnQi  +  4K0H  -*  Sn(0H)4  +  4KC1, 
SnCOH)i  fc5  Sn(OH),0  ^  SnOt. 

When  treated  with  acids  the  stannic  salts  may  be  formed.     The 
procipitato  is  known  as  stannic  acid.     When  tin  or  tin  alloys  are 
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treated  with  nitric  acid,  there  is  precipitated  an  oxide  of  the  same 
formula  as  above,  Sn  +  4HN0,  -»SnOt  +  2HsO  -h  4NOf »  but  whieb 
possesses  soniewhat  different  properties.  It  will  not  dissolve 
readily  id  either  bases  or  acids.  This  is  known  as  parastannic 
acid  or  more  frequently  as  "  metastannic  acid/'  Historically 
this  is  interesting  as  being  the  earliest  known  case  of  iaomensm, 
having  been  observed  by  Berzelius  in  1811,  and  commented  upon 
by  him  as  demonstrating  tlmt  identity  of  composition  is  not  neces- 
sarily accompanied  by  identity  of  properties.  It  may  easily  be 
that  these  differences  are  due  to  difference  in  the  size  of  the  pai- 
ticJes  since  specimens  of  intermediate  character  are  readily  obtain* 
able.  The  present  accepted  explanation  is  that  the  difference  is 
due  to  polymerization,  i.e.,  in  the  case  of  the  /S-acid  several  mole* 
cules  of  the  oxide  are  combined  to  form  a  larger  one;  perhaps 
the  p-acid  is  SnOa  and  the  /3-acid,  (SnOi)5.  This  question  mftv 
not  be  settled  until  we  have  some  satisfactory  method  of  deter- 
mining molecular  weights  in  the  solid  state.  Freshly  prepared 
oxide  made  at  low  temperatures  is  rather  readily  soluble  in  acid; 
if  ignited  it  becomes  wholly  insoluble.  This  effect  of  ignition  is 
also  observed  in  the  case  of  alumina  and  silica  and  to  a  leas  extent 
with  iron  oxide.  The  freshly  formed  oxide  is  white  and  whilf 
yellow  if  heated  regains  its  whiteness  on  cooling.  Tin  oxide  a* 
found  in  nature  is  black  and  extremely  inactive  toward  reagenU^ 

Fireproofing  Fabrics.  —  One  of  the  most  interesting  uses  af 
stannic  oxide,  as  well  because  of  its  importance  to  human  welfare 
as  because  of  its  chemical  character,  is  in  the  fireproofing  of  cotton 
goods.  Sodium  metastannate  solution,  of  specific  gravity  L22.V 
is  prepared  and  flannel  or  other  inflammable  material  is  soaked  in 
the  solution  until  thoroughly  impregnated.  After  drying,  this  is 
soaked  in  a  solution  of  ammonium  sulfate  and  again  dried.  The 
ammonium  stannate  formed  is  hydro!yzed»  giving  a  precipitate  on 
the  fibers  of  Btannic  oxide  (c/.  ammonium  silicate,  p.  268),  No 
amount  of  washing  with  soap  and  hot  water  will  remove  it  and  the 
material  cannot  burn  (see  8th  International  Congress  Report, 
Vol.  28,  p,  119),  The  cost  of  the  process  is  said  not  to  exceed  s 
cent  a  yard.  It  would  seem  to  be  a  cheap  variety  of  fire  insuranoa 
for  small  children. 
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Other  Compounds*  —  Of  the  other  compounds  of  tin  mention] 

may  here  be  made  only  of  the  sulfides.     Stannous  sulfide,  precipi* 
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tated  from  stannous  salts  by  hydrogen  sulfide  is  brown  and  is  in- 
soluble in  sulfides  of  the  alkalies.  It  is  probable  that  the  precipitate 
first  thrown  down  is  Sn(SH)2  and  this  on  dr3nng  loses  hydrogen 
sulfide  and  becomes  a  black  amorphoys  powder  SnS.  In  the  pres- 
ence of  polysulfides  it  adds  sulftir  to  form  stamiic  sulfide  which 
dissolves  to  form  metathiostaonates  such  as  (NHOaSnS^  from 
which  stannic  sulfide  precipitates  as  a  yellow  amorphous  powder 
upon  acidification.  Both  sulfides  so  prepared  are  soluble  in  hydro- 
chloric acid  if  of  sufficient  concentration  and  are  hence  not  precip- 
itated with  hydrogen  sulfide  from  tin  salts  if  the  solution  be 
^jtrongly  acid, 

^ft  A  very  insoluble  form  of  the  sulfide  may  be  obtained  in  crjmtal- 
^■ine  form  by  heating  tin  amalgam  with  yellow  sulfur  and  am- 
^^Donium  chloride.  The  mercury  ammonium  chloride  and  excess  of 
I  sulfur  volatilize  on  heating,  leaving  scales  of  a  yellow  substance 
1  known  as  ''mosaic  gold  '*  or  **  bronze  powder,"  much  used  for  cheap 
I     decorations  and  as  a  pigment 
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Occurrence*  —  Lead  occurs  chiefly  in  the  form  of  galena,  PbS. 
This  is  almost  exclusively  the  commercial  source  of  the  metal. 
Smaller  quantities  occur  as  cemssitef  PbCOi;  as  crocoite,  PbCr04; 
as  anglesite,  PbS04  and  wuHenite,  PhMoO*.  There  are  also 
several  other  lead-bearing  minerals.  The  ores  are  widespread  and 
many  dififerent  countries  contribute  to  the  world^s  supply  of  lead* 
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Hist4>ry. — ^Leiid  was  one  of  the  seven  metals  known  to  the 
cients  and  like  silver  finds  mention  in  the  books  of  Moses.    Lead 
Vas  by  the  alchenusts  symbolized  by  the  sign  of  the  scythe,  h  , 
the  symbol  of  Saturn,     It  was  used  by  the  Romans  to  a  small 
extent  for  the  making  of  water  pipes  and  kindred  purposes. 


Rh^ 


Preparation.  —  Lead  is  usually  maniifacture<l  by  first  roasting 
e  sulfide  until  it  has  been  partially  converted  into  lead  sulfate 
and  lead  oxide.  Two  reactions  are  thus  taking  place  simiiltane- 
ously, 

PbS  +  20t-*PbS0,   and    2PbS  +  30j -*  2PbO  +  2S0„ 
The  mUture  of  lea<l  sulfide,  sulfate  and  oxide  is  then  heat^  to  a 
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higher  temperature  without  air  supply.     The  reactions  which 
place  result  in  the  formation  of  metallic  lead.     These  are: 

PbS  +  2PbO  -»  3Pb  +  SO,, 
and  PbSO*  +  PbS  -►  2Pb  +  2SQ,. 

Lead  is  sometimes  produced  by  smelting  the  ore  with 
iron  or  with  iron  ores  and  coal.    The  essential  reaction  is 

PbS  +  Fe-^FeS  +  Pb. 

The  iron  sulfide  melts  and  floats  on  the  molten  lead  as  a 
Lead  is  also  one  of  the  products  of  the  smelting  of  mixed  ores  i 
mentioned  under  silver  (p.  431).  As  lead  comes  from  the  furnace 
it  is  usually  alloyed  with  antimony,  tin  or  other  metals.  The 
major  portion  of  these  impurities  is  usually  removed  by  "  soften- 
ing,*' i,e.,  by  heating  the  lead  in  a  shallow  furnace  in  contact  with 
the  air  until  the  impurities  are  oxidized  and  float  on  the  surface 
as  a  scum  which  may  be  skimmed  oflf.  Or  Parke's  process  (see 
silver)  may  be  used,  At  Traillp  in  B.C*,  the  refining  of  the  pig  lead^ 
is  done  by  electrolysis.     The  bath  used  is  hydrofluosilicic  acid. 
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Properties,  —  Lead  is  a  dull,  gray,  very  soft  metal.  Its  luster^ 
is  fine  when  fresh  but  it  speedily  tarnishes  due  to  the  formatioiifl 
of  a  basic  carbonate  film  on  the  surface.  The  tensile  strength  of 
the  metal  is  so  low  that  it  cannot  be  used  extensively  as  foil  or 
wire.  It  is  so  soft  that  it  may  be  scratched  by  the  finger  nail 
or  disintegrated  by  friction  against  paper  leaving  a  gray  streak. 
The  specific  gravity  varies,  according  to  the  method  of  workinit 
the  metal,  between  11.25  and  11.4.  It  melts  at  326*'  C.  and  boib 
at  1525°  C.  When  liquefied  its  specific  gravity  increases  slightly, 
that  18,  the  volume  decreases.  When  subjected  to  pressure, 
therefore^  it  tends  to  liquefy  and  hence  sha\angs  may  be  pressed 
into  compact  masses  and  the  metal  is  readily  rolled  or  pressed 
into  desired  shapes.  With  a  prassure  of  33  tons  per  square  inch 
it  appears  to  liquefy  at  ordinary  temperatures.  If  quickly  cooled 
lead  forms  the  amorphous  body  ordinarily  encountered,  but  if  ■ 
cooled  slowly  or  prepared  by  electrolysis  it  forms  lustrous  octa-  ^ 
hedral  crystals. 

Lead  lies  close  to  hydrogen  in,  the  electromotive  series.  It 
is  then  but  slowly  aff'ected  by  acids  as  such  and  this  action  is 
further  decreased,  when  hydrochloric  or  sulfuric  acids  are  used, 
by  the  formation  of  the  insoluble  salts  on  the  surface.    It  ifl 


THE  FOUKTH  GROUP 


readily  oxidized  and  then  converted  to  the  nitrate  by  nitric  acid. 
In  concentrated,  hot  siilfuric  acid  it  dissolves  readily  with  the 
formation  of  acid  lead  sulfate  PbCHSO*)?  and  in  hot  solutions 
of  hydrochloric  acid,  since  lead  chloride  is  soluble  in  hot  water. 

All  lead  salts  are  poisonous  and  for  this  reason  lead  is  not  a 
'ery  desirable  material  for  utensils  for  food  or  beverages.  It 
may  be  used  for  holding  or  carrying  Hquids  since,  if  the  liquids 
contain  traces  of  caxbonabes  or  carbon  dioxide,  an  adherent  film 
of  basic  carbonate  protects  the  lead  surface  from  continued  action. 
Free  carbonic  acid  in  considerable  amounts  may  produce  the 
formation  of  acid  carbonate  which  is  sufficiently  soluble  to  cause 

uble.     Ver>^  pure  water  also  dissolves  lead  sufficiently  to  render 

dangerous  for  continuous  use.  As  a  poison,  lead  and  its  salts 
are  distinctly  and  markedly  cumulative  and  hence  their  con- 
tinued contact  with  the  body  in  any  form  is  fraught  with  danger. 

Lead  oxidizes  superficiaJly  in  the  air.  It  is  supposed  that 
the  sub-oxide  PbjO  is  first  formed  (c/.  p.  556),  which  by  contact 
with  the  moisture  of  the  air  is  converted  into  a  basic  carbonate. 
This  is  doubtfuL  The  equivalent  weight  of  lead,  determined  by 
analysis  of  its  chloride  is,  according  to  the  best  determinations, 
about  103.55  and  by  Dulong  and  Petit's  law,  since  the  specific  heat 
is  0.0309,  the  atomic  weight  is  twice  this  amount,  207  J.  The  vapor 
density  of  lead  as  determined  at  about  2000*^  indicates  that  its 
molecules  are  monatomic*  Very  recently  the  investigations  at 
the  Gibbs  laboratory  by  Professor  Richards  indicate  that  lead 
from  radio-active  sources  {vide  Chapter  XXXVI)  has  a  lower 
atomic  weight,  indeed  as  low  as  206.4.  (See  Journal  American 
Chemical  Society,  VoL  36,  p.  1329).  This  fact  has  an  important 
connection  with  the  theory  of  evolution  of  the  elements. 
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Compounds.  Halides.  —  As  a  bivalent  metal  lead  forms  a 
ies  of  halides  Pbxa  which  are  readily  produced  by  treatment 
of  the  hydroxide  or  carbonate  with  the  corresponding  acids  or 
by  precipitation  of  soluble  lead  salts  with  soluble  haUdes.  These 
halides  are  comparatively  insoluble  in  water  at  room  temperature 
and  increase  in  solubility  with  increase  of  temperature.  The 
approximate  values  in  grams  per  liter  are: 
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The  salts  precipitated  by  the  cooling  of  the  hot  solutions  are 
beautifully  crystalline.  These  j*alts  are  but  little  hydrolyid 
by  water  and  show  marked  indications  of  partial  ionizatioo, 
PbCli  t=f  PbCP  +  CV  t=5  Pb''^  +  Cr .  They  also  readily  form  double 
halides  with  the  alkali  halides  and  acids  and  hence  are  roort 
soluble  in  water  containing  these  substances  in  spite  of  the  tend- 
ency of  a  common  ion  to  reverse  the  above  equilibrium  system. 

As  a  tetravalent  element  lead  also  forms  the  balide  series  Pta. 
These  halides  are  less  stable  than  the  bivalent  salt3  and  are  readily 
and  completely  hydrolyzed  by  water.  They  are  not,  therefore, 
readily  prepared  in  the  pure  form.  The  tetrachloride  may  be 
prepared  by  treatment  of  lead  peroxide,  PbOi,  with  cold  hydn>- 
chloric  acid.  The  solution  probably  contains  HjPhCU,  Thu 
solution  by  addition  of  ammonium  chloride  precipitates  a  salt 
(NHi)tPbCU  which  when  dissolved  in  cold  concentrated  sulfuric 
acid  liberates  hydrochloric  acid  and  a  yellow  oil  which  sinks 
beneath  the  acid  (sp.  gr.  3.18).  This  chloride  fumes  in  moL^t 
air  and  reacts  with  water  to  produce  lead  peroxide,  PbCU  +  2H;0 
— *  PbOi  +  4HCI.  If  but  little  water  is  present  plumbous  chlorii 
and  chlorine  are  formed.  These  halides  all  readily  form  doubl 
halides,  e.^.,  (NH^JiPbFfi,  etc*  (c/.  silicon,  tin,  boron  and  platiouui 
halides). 

Oxides  and  Hydroxides.  —  There  are  five  compounds  of  lead 
and  oxygen  to  which  have  been  assigned  the  following  formula, 
PbtO,  PbO,  PbaOi.  Pb,0,  and  PbOa- 

When  lead  oxalate  is  heated  gently  the  reaction  which  occuri  i« 
[>erhaps, 

2PbC204  -*  Pb^O  +  3C0,  +  CO. 
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The  product  is  dark  gray  and  is  not  affected  by  water.     For  ttri* 
ous  reasons  (and  in  particular  because  when  treated  with  acetic     , 
acid,  lead  acetate  and  lead  are  produced  and  the  heat  of  reaction  M 
is  10,000  cal,  while  the  formation  of  lead  acetate  from  lead  oxide,  ^ 
PbO,  is  15,500  caL,  which  involves  a  negative  heat  of  formation  of 
PbaO  of  6500  cal.)  it  is  considered  most  probable  that  the  sub- 
stance is  a  mixture  of  PbO  and  Pb  {cf.  similar  suboxides  of  aUveft 
bismuth,  etc.). 

Lead  monoxide,  PbO,  is  known  also  as  litharge  and  as  massicot 
This  oxide  is  one  of  the  natural  compounds  of  lead  and  is  formed 
when  any  higher  oxide  is  heated  to  600**  or  upw^ards.  It  is  iib<> 
formed  by  the  cupellatiuu  uf  lead.    In  this  case  the  partially  sub* 
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imed  cryBtalHne  mass  is  of  a  reddish  yellow  color  and  is  eold  as  lith 
je.    The  yellow  powder  formed  when  the  carbonate  or  nitrate  is 
^e^ted  is  the  form  sold  as  massicot.     The  oxide  is  strongly  basic 
[and  absorbs  carbon  dioxide  from  the  air.     It  also  shows  faintly  acid 
icbaraeter  by  dissolving  in  alkali  hydroxide  to  form  salts  known  as 
fplumbites,  2NaOH  +  PbO  ^  Na^PbOj  +  H3O,  soluble  in  water, 
[but  reprecipitating  the  oxide  on  cooling.     It  does  not  react  with 
rater  to  form  the  hydroxide  but  the  latter  is  readily  precipitated 
im  solutions  of  lead  salts  by  bases.     It  is  slightly  sohible  in 
water  and  is  basic  in  reaction.     On  heating  the  oxide  is  formed. 
The  litharge  finds  extensive  commercial  use  in  the  preparation  of 
boiled  linseed  oil,  in  the  manufacture  of  cut  and  other  varieties  of 
glass,  for  paint  preparation  and  the  manufacture  of  lead  salts* 
Red  lead,  or  minium,  PbsO^,  is  not,  properly  speaking,  an  oxide 
but  a  salt.     It  is  formed  by  roasting  lead  in  the  air  at  just  below 
red  heat.     The  reaction,  6PbO  +  t">2  ?=^  2Pbj04,  is  reversible  and 
the  dissociation  pressures  are  at  445°,  5  mm.,  at  500°,  60  mm.,  at 
555°,  183  mm.    Therefore  at  or  below  525°  the  red  lead  is  formed 
while  above  550°  it  decomposes  to  form  the  litharge.     If  the  com- 
pound is  treated  with  dilute  nitric  acid  the  reaction, 

FbaOi  +  4HN08  -^  2Pb(N0,),  +  PbO,  +  2HA 


3 

1 
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kj&B  place.     It  is  evident  from  this  that  only  one-third  of  the  lead 
acidic  and  therefore  the  compound  is  regarded  as  a  salt  of  the 
cid  H^PbO^,  i.e.,  as  PbiPbO*  or   lead    orthoplumbate   and    the 
>ve  reaction  probably  takes  place  in  two  steps: 

PbjPbO*  +  4HNO3  -*  2Pb(N03)2  +  H^PbOi, 
HiPbO,  -♦  PbOt  +  2Hj0. 

There  is,  therefore,  no  hydroxide  of  corresponding  charact^f 
Red  lead  is  very  extensively  used  as  a  pigment,  with  linseed  oil 
making  a  paint  especially  adapted  to  iron  structures.  It  is  also 
used  as  a  *'  lute  ''  in  plumbing  and  as  an  oxidizing  agent,  especially 
in  glass  manufacture.  Le^d  peroxide,  PbOf,  is  prepared  as  just 
described  or,  more  cheaply  by  oxidizing  a  mixture  of  litharge 
and  lime,  thus  forming  calcium  plumbate,  4CaO  +  2PbO  +  Oj  — > 
2CaiPb04,  which  treated  with  dilute  acid  separates  the  peroxide. 

The  dioxide  is  an  excellent  oxidizing  agent  and  in  this  connection 
finds  varied  application.  When  treated  with  dilute  acid  it  gives  no 
hydrogen  peroxide  and  is  hence  regarded  as  having  the  structure 
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,.     .    1 1  would  seem  there  should  be  a  true  peroxide  of  lead  Pb, 

but  it  has  not  yet  been  prepared.  The  peroxide  of  lead  ooxreflpoitds 
to  the  tetrahydroxide  I^b(0H)4  or  orthoplumbic  acid.  The  free 
acid  is  not  prepared  but  lx»th  orlho-  and  metaplumbat^s  are  known. 
The  latter  are  readily  formed  by  solution  of  the  anhydride  PbO*  in 
alkalies,  e.^., 

PbO,  +  2NaOH  ^  Na^PbOa  +  H,0. 

These  salts  are  analogous  to  the  metasLlicates,  metastannates  &s<i 
the  carbonates.  The  chief  interest  attached  to  lead  peroxide  ij 
the  part  it  plays  in  the  storage  battery  already  discuseed  (p.  512). 

Lead  Carbonates.  —  The  neutral  carbonate,  PbCOj,  is  ex- 
tremely insoluble  and  may  be  produced  by  precipitation  from  lend 
acetate  solutions  by  the  introduction  of  carbon  dioxide*  It  t5 
also  formed  by  treatment  of  solutions  of  lead  salts  with  sodium 
bicarbonate.  If,  however^  the  neutral  carbonate  of  sodium  ii 
employed,  the  basic  carbonate  Pb3(C0i)j(0H)i  is  produced.  Tbii 
substance  has  been  prepared  and  used  as  a  pigment  for  many 
years  under  the  name  "white  lead'*  and  by  reason  of  the  opacitVi 
covering  power  and  durability  of  the  paint  prepared  by  mixing  it 
with  Unseed  oil  is  considered  superior  to  any  other  white  paint  and 
indeed  is  often  used  as  the  **  body  *'  of  many  colored  paints.  It 
is  prepared  by  various  modifications  of  a  method  which  will  be 
sufficiently  clear  from  a  description  of  the  **  Dutch  process/' 
Sheet  lead  gratings  are  placed  in  earthenware  pots  above  a  shallow 
layer  of  vinegar,  or  dilute  acetic  acid.  These  pots  are  packed  in 
layers  with  alternate  layers  of  spent  tan  baj^k,  or  even  manure,  and 
allowed  to  stand  for  some  months.  The  decay  of  the  tan  bark 
produces  carbon  dioxide  and  some  elevation  of  temperature*  Tbe 
rise  of  temperature  vaporizes  acetic  acid  which  converta  a  supe^ 
ficial  layer  of  the  lead  to  the  acetate.  The  acetate  iB  by  the  carbon 
dioxide  converted  into  a  porous  mass  of  the  basic  salt  and  the  acetic 
acid  is  freed  to  again  attack  the  lead.  In  the  course  of  time  lb« 
lead  gratings  are  wholly  converted  to  the  carbonate,  after  whicK 
the  pots  are  removed  and  the  carbonate  finely  ground  and  sold 
The  mixing  with  oil  is  carried  out  either  by  the  painter  on  thf 
*'  job  "  or,  more  commonly,  is  used  in  ready  mixed  form.  It  is 
these  grinding  and  mixing  processes  which  bring  the  workmen  into 
contact  with  the  white  lead  and  produce  the  painful  and  occanoc* 
ally  fatal  disease  known  as  lead  poisoning. 
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Lead  Acet&te»  or  sugar  of  lead,  Pb(CiHsOa)s  •  3H2O,  is  an  ini- 

jrtaot  salt.     It  has  a  sweetish   taste  and  is  used  variously  in 

medicine.     It  is  soluble  in  water  and  hence  a  convenient  soluble 

lead  salt  for  the  preparation  of  other  and  insoluble  salts.     It  is 

a  frequently  employed  component  of  hair  dyes  but  its  use  is  oot 

rithout  danger. 


Lead  Sulfide,  PbS,  is  produced  by  the  action  of  soluble  sulfides 
upon  lead  salts  and  is  frequently  employed  as  a  means  of  detection 
of  lead.  It  is  formed  when  white  lead  paints  are  subject  to  the 
action  of  air  which  contains  traces  of  hydrogen  sulfide.  This  fact 
accounts  for  the  few  white  houses  in  cities.  A  sulfide  of  lead  is 
sometimes  precipitated  from  soluble  lead  salts  which  has  the  com- 


position  indicated: 


Pb( 
Pb-Cl 


lis  subfltance  is  reddish  brown  in  color.  The  sulfide  of  lead  ia 
soluble  in  dilute  nitric  acid  but  is  insoluble  in  hydrochloric  acid. 
Nevertheless  hydrogen  sulfide  precipitates  lead  sulfide  with  diffi- 
culty from  solutions  containing  only  a  small  excess  of  free  acid, 
a  fact  of  importance  in  qualitative  analysis.  Galena^  the  natural 
sulfide  is,  as  has  been  mentioned,  a  most  important  mineral. 


k 


Other  Salts,  —  Lead  Sulfate,  PbS04,  is  encountered  as  an 
adulterant  of  white  lead,  as  a  factor  in  qualitative  analysis,  and 
more  particularly  in  the  storage  battery.  It  is  soluble  in  con* 
centrated  sulfuric  acid,  forming  the  acid  salt  Pb(HSO«)t  and  in 
ammonium  acetate  solutions. 

Lead  Nitrate,  Pb(N0a)2,  is  frequently  employed  as  a  laboratory 
reagent  and  as  a  starting  point  for  the  preparation  of  lead  salts 
particularly  of  the  chromate  PbCrO^*  This  latter  salt  is  used  ex- 
tensively as  pigment  under  the  name  of  "  chrome  yellow."  It  is 
prepared  at  present  by  the  Luckow  process  which  consists  in  elec* 
trolyzing  lead  anodes  in  a  solution  of  potiissium  chromate  and 
common  salt. 

Lead  Arsenates,  of  which  there  are  three,  the  ortho-  metar 
and  pyrosalts  are  used  extensively  as  insectides  in  horticulture. 
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Sub-Group  B 

Titanium;  Occurrence  and  Histary,  —Titanium  does  not  oeear 
free  id  nature^  nor  in  targe  maiiaes,  but  io  smaU  quaotitlea  it  is  extremelj  widdj 
distributed  especiatly  in  granitic  rocka  and  their  decomposition  products.  Tbe 
iron  minerals,  magnetite,  FeiOi,  and  hematite^  FesOi,  frequently  contain  ^ough 
to  interfere  seriously  with  their  utihzation  oa  ores  of  iron. 

The  most  important  mineral  forms  are  rutile,  TiOj,  Qmetiite,  FcTSO^  iod 
titanite,  CjiTi*SiC\,  The  dioxide  also  oo^^urs  in  the  fjolymorphic  forms  brodkifii 
and  ancLBtase.  The  reeognitian  of  the  existence  of  a  new  ''earth''  in  magnetie  iroo 
sand  was  due  to  McGregor,  1791,  but  rutile  was  first  analysed  by  Kl^roth,  17H 
and  the  metal  termed  titanium,  from  the  giants  of  old.  The  metal  itself  was  tint 
isolated  by  Ber«elius,  1825, 

Preparation,  Properties  and  Uses.  — The  dement  may  be  prepared 

by  reduction  of  the  oxide  with  carbon  though  a  very  high  temperature  is  required, 
for  which  the  electric  furnace  is  most  suitable.  It  is  also  prepared  by  the  Gold* 
Schmidt  process.  The  metal  oxidiiea  readOy  at  high  temperattire  and  also  com" 
bines  with  nitrogen.  An  alloy  of  titanium  and  iron  known  as  ferrotitanium  ii 
prepared,  by  the  smelting  of  titaniferous  iron  ores,  which  contains  10  to  15  per 
cent  of  titanium.  This  is  used  as  is  ferromanganese  to  **  purify ''  bessexner  st«d 
(see  Bessemer  process).  The  small  <|uantity  of  titanium,  0.05  p»er  oent,  remaiiuog 
in  the  steel  improves  it^  quality.  If  the  percentage  is  at  all  ooQsiderable^  up  to 
0.2  per  cent,  the  product  is  known  as  titanium  steel  and  b  used  in  spedal  coo* 
structiofis. 

Compounds  of  Titanium^  — Titanium  is  essentially  tetravalent  and 

its  compounds,  e.g.t  TiCU,  Ti^Oi)j,  etc,^  are  analogous  to  those  of  silicon  and  im. 
The  hydroxide  Ti(0H)4  is  precipitated  by  bases  from  titanic  salts  and  doet  M 
dissolve  in  the  excess  of  base.  It  is,  therefore,  a  weak  acid.  The  titanic  ooin- 
pounds  are  reduced  by  nascent  hydrogen  to  trivalent  form,  c^*,  TiClt,  with  ih* 
development  of  a  violet  color.  A  series  of  bivalent  salts  is  alao  known.  Thff 
soluble  salts  of  titanium  when  treated  with  hydrogen  peroxide  axe  converted  into 
a  yellow  soluble  compound  and  the  intensity  of  this  coloration  is  made  the  hmB 
for  a  quantitative  ei^timation  of  the  titanium  present.  The  yellow  color  18 
times  presumed  to  be  due  to  the  formation  of  the  trioxide  TiO,,  but  it  ii 
reasonable  to  expect  it  to  be  a  peradd  analogous  to  Carols  acid  and  penolftine 
acid. 

Zirconium.  --Like  titanium,  zirconium  was  also  reco^ixed  and  named bv 
Klaproth,  1788,  and  was  isolated  by  BerzeLius,  1826.  The  name  is  derived  from 
the  most  important  mineral  zircoUf  Zr8iO|.  The  zirconium  salts  are  analogpoi 
to  those  of  titanium.  The  metal  is  also  isolateil  in  the  same  manner.  The  ojudfi 
zirconia,  ZrOj,  can  be  used  as  a  factor  in  gas  mantle  construction  (see  ceriusn)  ^ 
the  Nem«t  lamp  filament  and  in  the  preparation  of  refractory  crucibles.  tb« 
ores  being  rare  and  the  preparation  expensive  the  uses  of  the  metal  or  of  its  cotf* 
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Oiinds  are  very  limited.    The  Nemst  lamp  at  one  time  promiaed  to  become  a  very 

nportant  fa/*tor  in  lighting.     It^  special  featuro  i^  a  small  rod  mad*?  of  the  oxidea 

rare  earths,  chiefly  zircoDia,  which  glows  brilliantly  when  heated  to  iurandes- 

ncc.     The  nxl  ia  at  ordinary  temperature  a  nonconductor  and  munt  be  6nft 

Tlie  heating  is  accomplbhed  by  meaa«!  of  a  platinum  wire  which  formfl 

>  oore  in  the  ziroonia  rod.     The  lamp  is  more  efficient  than  the  carbon  lamp  but 

is  leas  effieiect  than  the  tantalum  and  tungsten  lamps  and  will  probably  never 

»me  int^o  general  ufle.     I  la  chief  interest  \s  that  the  rrKl  apparently  acts  aa  a 

onductof  of  the  second  class  hut  the  products  of  the  electrolysis  are  wholly 

r>mbined  as  fast  as  formed.     It  appears,  therefore,  to  function  aa  a  <x)nductor 

;  the  first  class. 


I 


Cerium*  — The  occurrence  and  other  details  concerning  cerium  have  been 
fjresented  on  p.  527,  and  in  this  connection  it  remains  only  to  call  attention  to 
certain  spetvia!  points.  Its  oxide  was  discovered  by  Klaproth  in  1803  shortly  after 
the  discovery  of  the  planet  Ceres  (IHOl)  and  hence  waa  called  ceria.  Ita  salta 
are  of  two  series  in  one  of  which  the  element  is  trivalent  and  in  the  other  tetr»- 
valent.  Both  oxides  arc  bailie,,  the  trivalent  form  most  markedly  as  ia  tiflual. 
The  nitrate  is  converted,  by  heating,  to  the  oxide  and  the  latter  finda  uae  in  the 
Welsbach  mantle  (see  thorium)  The  metal  itself  is  usually  prepared  by  elec- 
trolysis of  the  chloride,  but  may  also  be  prepart*d  by  the  Goldschmidt  method, 
It0  alloy  with  iron  is  used  for  gas  and  cipar  lighters  since  it  produces  by  friction, 
eparks  aunilar  to  those  produced  by  the  ancient  flint  and  steel.  The  temperatiire 
of  the  spark  is  higher,  however,  and  readily  ignites  gas  or  alcohol  vapor. 

Thorium.  —Thorium  was  disoavered  by  Berselius  in  a'*mtnenJ,  afterwanl 
thorite,  and  was  named  in  honor  of  the  Scandinavian  god  Thor.  Ita 
I  are  very  similar  to  thoee  of  iiroonium.  It  ia  found  in  a  number  of  rare 
p  and  is  of  considerable  apeci&l  interest.  Its  oxide  mixed  with  from  1  per 
',  to  2  per  cent  ceria  constitutes  the  framework  of  the  Welsbach  mantle.  To 
prepare  the  mantle  the  mixed  nitrates  are  dissolved  in  water  and  cotton  cloth 
(or  more  frequently  ramie  fiber)  is  saturated  with  the  solution  and  allowed  to  dry. 
The  mantles  are  formed  and  then  burned.  The  cellulose  is  burned  and  the  nitrates 
aie  Cjonvertid  to  the  oxides.  These  mantles  are  very  brittle,  and,  for  tranapor* 
tstionf  are  dipped  in  collodion  and  dried.  The  collodion  ia  burned  when  the 
mantle  is  first  used.  The  mixture  of  oerium  oxide  and  thorium  oxide  possesses 
specially  high  luminosity  when  heat«d  to  incandesceooe  and  the  luminosity  tn* 
creates  a^  the  fifth  power  of  the  temperature. 

Thorium  is  also  of  interest  because  of  its  relation  to  radium  and  uranium  and 
ke  these  pOMsnes  radioactivity  (see  Chapter  XXXIIL) 


I 


The  Welsbach  Mitntle  has  a  particular  intereat  since  the  separate  oxides 
no  special  illufninating  power.     For  example,  a  mantle  nuode  wholly  of 
oicide  gives  only  seven  candlejKiwer  light  and  of  thoria  only  four  candle- 
when  the  mixture  of  99  per  cent  ThOa  and  1  per  cent  CeOj  gives  80  to  100 
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eandlepower  for  the  same  ooasutnptioii  of  gaa  (120  to  130  liten  per  hour)  and  I 
light  production  falk  off  very  materiaiiy  with  increaae  or  decrease  of  the  cfm' 
content.  Other  niAtertalit  than  ceria  produoe  like  effects  («,^.^  chromiuin,  platn 
num»  manianeae,  uranium,  etc.),  but  are  not  suitable  for  uae  because  the  mantks 
are  not  bo  durable.  Other  matehalH  than  thoria  may  alao  be  employed  but  tff 
not  practical  for  the  same  reaaon.  An  explanation  of  the  high  luminoatty  ni 
Welabach  mantles  is  as  follows:  The  mantle  of  pure  thoria  produces  wave  leofths 
at  the  temperature  of  the  BuDsen  p»  flame  which  fall  almost  wholly  in  the  infri^ 
red  portion  of  the  spectrum.  The  pure  oeria  mantles  while  they  produoe  some 
visible  wave  lengths  also  emit  chiefly  the  non visible  infra-red  waves.  The  mii- 
ture  of  90  per  cent  thoria  and  1  per  cent  ceria  emits  only  an  extraordinarily  mall 
proportion  of  infrsrred  ra>'s.  This  has  the  effect  of  diminishing  the  loes  oC  beat 
by  radiation  so  that  the  mantle  is  maintained  at  the  temperature  of  the  hununi 
gas  (15O0  to  1600**  C),  and  hence  more  short  or  visible  rays  are  produced.  Thu 
inBuence  upon  the  character  of  radiation  is  then  a  physical  phenomenon  and  dov 
not  depend  upon  the  chemical  character  of  the  mixture.  (For  fuller  diacunioo 
■ee  Abegg,  Vol.  Ill,  pt.  2,  p.  846  e(  »eq.,  and  Le  Chatelier^  Zeit.  fOr  Phys.  Chem.,  Vol 
28.  p.  566.) 

ExerciseB.  —  L  Explain  how  Dulong  and  Petit*8  law  aids  in  the 
determination  of  the  atomic  weights  of  tin  and  of  lead.  Use  the 
law  in  ascertaining  the  atomic  weight  of  lead  from  the  data,  103 1 
of  lead  give  164.775  g.  of  dry  lead  nitrate.  The  specific  heat  of 
lead  is  0~03L 

2.  Formulate  the  reactions  which  take  place  when  lead  peroxide 
is  acted  upon  by  sulfuric  acid.  Why  is  hydrogen  peroxide  not 
produced? 

3.  Explain  any  results  which  follow  from  the  treatment  of  tifl 
with  dilute,  moderately  concentrated  and  very  concentrated  nitric 
acid;  with  lead  acetate;  with  silver  nitrate;  with  ferric  chloride 
Give  equations  where  possible. 

4.  Pore  stannic  acid  may  be  expected  to  have  the  formuli 
Sn(OH)t.  Explain  the  existence  of  a  salt  having  the  composition 
Na,Sn*Oii. 

5.  Explain  in  detail  the  reasons  for  the  existence,  for  ioDf 
periods,  of  malleable  tin  at  temperatures  below  20**. 

6.  Write  all  the  reactions  involved  in  fireproofing  cotton  with 
sodium  metastannate* 

7.  In  the  Luckow  process  for  making  lead  chromate  can  you 
explain  why  the  lead  chromate  by  precipitation  on  the  anode  does 
not  stop  the  process? 

8.  If  lead  has,  according  to  source,  three  different  atomic 
weights^  what  is  the  effect  on  the  composition  of  lead  chloride?    Cil- 
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culate  the  percentage  compodtion  of  radio-lead  chloride  and  that 
of  the  chloride  of  ordinary  lead. 

9.  Compare  the  structural  formuls  of  the  compounds 

Mg(AlOi),,    FeiOi,    MniOi,    PbiOi. 

10.  Write  equations  representing  the  steps  in  the  fonnation 
of  white  lead  by  the  Dutch  process. 


CHAPTER  XXXn 
SUB-GROUP  A  OF   GROUPS  V  AND   VI 
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In  groups  V  and  VI  we  have  already  presented  the  discua^'oD 
of  the  type  members  and  sub-group  B  and  have  now  to  take  up 
in  group  V  the  three  rare  elements  vanadium,  niobium  (eoIumbiuiQ)t 
and  tantalum.  They  form  a  strongly  marked  8ub-group  liarag 
in  general  properties  relating  them  to  nitrogen.  As  is  usual  withj 
the  periodic  groups  metallic  character  increases  with  inc 
atomic  weight  and  decreasing  valence.  In  sub-group  A  of  group' 
VI  we  have  chromium,  molybdenum,  tungsten,  and  uranium. 
All  these  elements  are  of  comparatively  infrequent  occurrence 
and  the  last  three  are  usually  classed  as  rare  elements.  They, 
or  their  alloys  or  compounds^  have  been  found  of  many  and  vancd 
uses  and  hence  are  familiar  substances  and  their  discussion  muBi 
be  in  some  detail.  They  present  in  general  a  marked  contrast  in 
many  respects  to  the  elements  of  sub-group  B,  the  sulfur  sub-group, 
and  these  differences  are  especially  marked  in  the  elements  them- 
selves and  in  compounds  of  lower  valence.  The  last  member,  [ 
uranium,  is  particularly  interesting  because  of  its  being  the  elemenl 
of  greatest  atomic  weight  and  because  of  its  relation  to  the  other  ] 
members  of  series  12,  the  radioactive  elements. 

Vanadium*  —  The  chief  ore  of  vaDiidiiim  ia  ?anadiiute,  Pb»(VO«)iCl»  which 
10  the  analogue  of  apatite,  Ca*(P04)iCl(F).  The  element  la,  however,  foun4 
rather  widely  distributed  in  granitic  rocka  and  cla>^,  but  only  in  nunute  quantitiei- 
Vanadium  was  tirat  observed  by  Del  Rio  in  1801  in  a  Mexican  ore,  but  its  di^ 
CO  very  ia  usually  ascribed  to  Seftstrom,  1830,  by  whom  it  waa  named  after  ihe 
Scandinavian  goddess  Vanadis.  The  chief  present  source  is  the  ash  of  cerutn 
Peruvian  coal,  which  contains  as  high  aa  48  per  cent  ViOt.  It  is  a  metAl^Uke  fh 
ment  with  a  silvery  luster.  It^  specific  gravity  is  6.0  and  melting  point  about 
1620^.  It  is  moat  readily  prepared  by  the  Goldschnudt  method »  using  ouxed  metii 
(p.  633).  Like  nitrogen,  it  forms  a  series  of  oxides,  VjO,  VO.  V^O^,  VO^  and 
V|Oi.  As  with  nitrogen  and  phosphorus  alao  the  higher  oxides  are  acid  in  cbfl^ 
acter  and  the  pentoxide  furnishes  ortho-,  meta-,  and  pyroealte  analogous  ia  ths0 
of  phosphortc  acid  (q.v.).  The  ]:>eQto3dde  is  most  readily  obtained  in  the  fonaof 
a  cherry-red  or  yellow  powder  by  treating  sodium  vanadate  in  aalutioa  witb  wd* 


The  ammonium 

^  NH,VO,  +  SNaCl  -h  2NH,  +  H^O, 
^2NH,  4- VjO*  +  H,0. 

be  pentoxtde  is  the  usual  starting  point  for  the  preparation  of  other  compounds. 

bere  are  frequently  highly  colored  and  \^ery  intorestiiiK  tjiws  of  compounds 
Ded.  Thus,  as  a  bivalent  element  it  forma  a  stilfate,  V^O|  •  7HjO,  isomorphous 
with  the  vitriols.  The  trivalent  element  formn  a  mme»  of  alumni  anaiogouB  with 
those  of  iron,  chromium,  and  alumimum.  Many  and  very  complex  derivatives 
are  known.  Vanadium  oompounda  are  used  to  some  extent  in  the  manufacture 
of  certain  dyes  and  also  as  catalytic  agents.  The  chief  use  of  the  element  is  as  a 
€X)nfitituent  of  vanadium  Htoel  Hinoe  a  small  percentage  of  it  increases  the  malle- 
ability, hardness,  and  tensile  Btrength  of  iron.  To  prepare  the  steel  ferro vana- 
dium containing  from  7  tx>  13  per  cent  vanadium  is  made  by  reduction  of  the  mixed 
oxides  of  iron  and  vanadium  and  is  used  as  are  ferroBilicon,  ferromanganesep 
ferrotitanium,  etc,     (Vide  SteeJ.) 

Niobium  and  Tantulum,  —There  is  found  at  Haddam,  Connecticut, 
a  mineral,  known  as  columbUe,  which  is  an  iron  compound  of  the  formula 
Fc(CbTa)Oi.  This  mineral  was  first  investigated  and  named  by  Uatchett,  an 
Englishman,  who  determine*!  in  it  the  presence  of  a  new  element  which  he  pro- 
posed to  call  colurabium  (from  Columbia,  i.e.,  America),  In  1802»  Eckberg  dia- 
ODvered  in  a  mineral  from  Finland^  to  which  he  gave  the  name  tan  tali  te,  a  new 
element  to  which  he  gave  the  name  tantalum ^  by  reason  of  the  difficulty  with 
which  its  oxides  react  with  solvents.  (See  the  myth  of  Tantalus.)  In  1S44, 
Heinrieh  Hose  investigated  tantalite  and  succeeded  in  isolating  from  it  two  ele- 
ments. He  retained  for  one  of  these  the  name  tantaltim,  as  suggested  by  Eck^ 
berg,  and  gave  to  the  other  the  name  niobium  (from  Niobe,  the  daughter  of 
Tantalus).  He  was  either  ignorant  of,  or  ignored,  the  work  of  Hatchett.  In 
oonsequence  we  find  that  both  eokimbiuni  and  niobium  are  used  as  names  for  the 
same  element.  Both  elementa  can  be  prepared  by  the  Goldschm id t  process  or 
by  a  process  devised  b>^  von  BoUen.  The  latter  method  conBista  in  heating  a 
mixture  of  the  oxides  with  paraffin  and  carbon,  in  vacuo,  by  meai^  of  the  electric 
current.  Two  processes  occur.  The  carbon  reduces  the  higher  oxide  to  a  lower 
one  and  this  last,  being  a  conductor,  in  decomposed  electrolytically,  the  metal  and 
ox>*gen  being  produce<l.  Niobium  has  a  density  of  12.75,  a  melting  point  of 
1960*,  and  is  somewhat  malleable  and  ductile.  It  oxidizes  slowly  when  heated  in 
the  air.  Tantalum  is  similar  to  platinum  in  appeiutmoe^  has  a  density  of  16.6| 
and  a  melting  point  estimated  at  2900".     It  w  more  ductile  than  niobium. 

The  compounda  of  the  two  elements  are  such  as  are  to  be  expected  from  their 
relation  to  vanadium  and  to  sub-group  B.  Both  elements  are  so  rare  that  it  is 
acftrc^ly  to  be  expected  that  they  will  be  of  extensive  practical  importance. 

Tantalum  id  the  form  of  ver>'  fmc  wire  promised  at  one  time  to  become  of 
§ymi  vmhie  as  m  substitute  for  the  carbon  filament  in  incandesoent  Lights.     It  ia 


&n  exoeUent  conductor  and  the  very  long  and  fine  61ament  neoGawuily  UBfd  nfirf  i 
fragile.     The  efficiency  of  the  lamp  was  very  much  greater  than  that  of  the 
carbon  Lamp.     It  waa  not  long  after  its  introduction  before  it  was  displaced  bv 
the  still  more  efficient  and  more  durable  tungjBten  lamp. 


CfiROMIUlf 

Occurrence*  —  The  element  does  not  occur  free  nor  in  a  grrat 
variety  or  abundance  of  compoundfi.  By  far  the  most  abundant 
form  is  chromite,  Fe(CrOi)t,  a  compound  isomorphous  with  spuiel 
and  magnetite.  Other  ores  are  crocoite,  PbCrOi,  and  chrome 
ocre,  CrjOa.  Traces  of  chromium  appear  in  serpentine,  jade>  and 
emerald,  and  the  latter  can  be  made  artificially  by  use  of  molten 
alumina  and  chromium  oxide.  The  same  statement  is  also  true 
concerning  the  ruby.  In  the  two  jewels  the  chromium  appears  to 
be  in  a  different  degree  of  oxidation.  Almost  all  the  chromium 
ore  comes  from  Greece,  New  Caledonia,  and  Rhodesia* 

ffwtopy.  —  The  element  was  first  recognized  by  Vauquelin  Id 
crocoite  in  1798  and  in  chromite  by  Fassert  in  1799.  It  owes 
its  name  to  the  fact  that  aU  its  compounds  are  colored  (xp^ 
»  colored)* 

Preparation.  —  Chromium  oxide  can  be  reduced  in  the  elec- 
tric furnace  by  carbon  but  is  more  conveniently  prepared  by  the 
Goldschmidt  process.  The  heat  of  the  reaction  is  bo  great  tlmt 
the  chromium  is  obtained  in  the  molten  condition.  Most  of  ib^ 
extensively  used  compounds  are  prepared^  without  the  antecedfot 
preparation  of  the  metal,  by  fusion  of  chromite  with  oxidiiiiig 
fluxes,  and  the  resulting  soluble  chromate  is  used  as  a  starting 
point  for  the  preparation  of  the  other  compounds* 

PropertieB,  -*  Chromium  is  steel  gray»  very  hard  and  vwy 
brittle.  Its  specific  gravity  is  6*50.  Its  melting  point  is  about  i 
1490**.  It  is  fairly  stable  in  air  but  heated  to  a  high  temperature 
oxidizes  to  the  trioxide^  CriOi.  It  dissolves  in  acids  and  appears 
to  have  a  position  in  the  electromotive  series  between  aluminiuao 
and  manganese  (or  between  zinc  and  cadmium.  See  Alexander 
Smith's  Inorganic  Chemistry,  p.  855),  As  an  anode  it  dissolves 
during  the  process  of  electrolysis^  according  to  Faraday's  law,  as  a 
trivalent  element,  provided  the  density  of  the  current  is  not  too 
great,  but  if  the  current  is  moderately  increased  chromates  are 
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produced.  The  metal  also  fails  to  dissolve  in  strong  nitric  acid. 
This  is  an  example  of  metal  passivity  (see  p»  601).  Chromium 
forms  at  least  three  series  of  compounds  in  which  it  functions  as 
bivalent,  trivalent,  and  hexavalent  element  respectively.  It« 
impounds  will  be  discussed  under  these  three  beads. 

Uses>  —  Ferrochrome  alloys  are  made  by  smelting  chromite  in 

le  electric  furnace,  and  this  material^  which  may  be  made  con* 

taining  upwards  of  60  per  cent  chromium,  is  used  in  the  prepa- 

ition  of  chrome  steel     Steel  containing  from  2,5  to  4  per  cent 

^hromium  is  very  hard  and  tough  and  is  used  in  the  manufacture 

safes,  ore  crushers^  stamps,  car  couplings,  cutlery,   and  else- 

rhere    where   hardness    and    durability    are    essential.     In    pure 

form  the  chromium  at  present  finds  no  special  use,  but  its  alloya 

sty  an  important  part  in  the  construction  of  ordnance  and  armor 

lie.     The  ore,  chromite,  finds  use  in  the  construction  of  furnaces 

as  a  neutral  refractory  material     Other  compounds  find  exten- 

ive  use  as  mentioned  below. 

Compounds.  —  Chroinous  compounds  are  most  readily  pre- 
pared by  dissolving  chromium  in  hydrochloric  acid,  the  hydrogen 
as  it  is  evolved  preventing  oxidation  to  the  chromic  chloride, 
Cr  +  2HC1  — ►  CrClt  +  Hj.  The  prevention  of  oxidation  can  be 
made  more  complete  if  some  zinc  is  being  dissolved  at  the  same 
time.  Chromic  salts  in  acid  solution  may  also  be  reduced  by 
zinc  to  the  chromous  form.  The  addition  of  sodium  acetate  to 
chromous  solutions  precipitates  the  insoluble  chromous  acetate  in 
the  form  of  red  crystals*  Yellow  chromous  hydroxide  may  be 
precipitated  from  chromous  salts  by  addition  of  bases.  It  oxi- 
di«es  so  readily  that  it  slowly  decomposes  water,  forming  the 
chromic  hydroxide  and  hydrogen,  2Cr(0H)t  +  2H,0  -*  2Cr{0H)i 
+  Hi.  The  chromous  compounds  are  utilized  chiefly  as  reducing 
agents. 

Chromic  compounds,  derived  from  the  oxide  CrjOi,  are  the 
most  stable  form  of  chromium  salts.  They  are  analogous  in  a 
general  way  to  the  corresponding  salts  of  aluminium  and  of  iron 
and  in  the  analytical  processes  these  three  elements  are  of  very 
similar  behavior,  a  fact  not  accounted  for  by  their  periodic  rela- 
tions. Chromic  salts  of  all  the  ordinary  acids  are  presumably 
possible  and  most  of  these  salts  exhibit  a  remarkable  peculiarity, 
be  prepared  in  two   modifications  which  differ  from 


I 


I 


I 


many  prop>erties,  iney  nave,  however,  th 
formulfiB.  We  have  already  encountered  this  in  the  case  of 
two  varieties  of  stannic  acid.  Thus,  if  chromic  oxide  and  carbod 
are  heated  together  in  a  current  of  chlorine  beautiful  violet  scaler 
of  the  chloride  are  obtained  as  a  sublimate,  CrjO^  +  3C  +  3Cli 
— *  2CrCla  +  SCO.  This  form  is  insoluble  in  water,  though  od 
long  standing  it  wiU  dissolve,  and  more  rapidly  if  a  trace  of 
chromous  salt  is  present.  The  solution  is  green.  From  tto 
solution  green  crystals,  CrCU  •  6HjO,  may  be  separated,  tbou^ 
ordinarily  the  crystals  deposited  are  grayish-blue  in  color  and 
the  solution  of  these  is  violet  in  color.  The  green  crystals  in 
solution  when  treated  with  silver  nitrate  lose  but  one-third  of 
their  chlorine  content.  The  gray-blue  cry*stals  in  solution  pre* 
cipitate  all  the  chlorine  present  as  silver  chloride  when  treated 
with  silver  mtrate.  Many  other  salts  of  chromium  likewise  exiit 
in  these  two  modifications.  This  relation  will  be  discussed  more 
fully  (see  Werner's  hypothesis)*  The  hydroxide  of  cbronuusi, 
Cr(OH)»,  is  precipitated  from  solutions  of  chromium  salts  by  the 
addition  of  soluble  bases.  With  exce-as  of  the  stronger  bases  there 
is  some  solution  with  the  formation  of  chromites  (c/.  alununium), 

Cr(OH)a  +  3K0H  ^  K^CrO,  +  3H,0, 

but  the  acidic  character  of  the  chromic  hydroxide  is  bo  slight 
that  on  boiling  the  hydroxide  is  reprecipitated  through  hydrolysis. 
When  chromic  hydroxide  is  heated  with  basic  oxides  metachro- 
mites  can  be  prepared  and  one  of  these,  chromite,  is  the  com- 
monest natural  compound  of  chromium.  The  relations  may  be 
expressed:  Cr(OH)a  -*  CrO  •  OH  +  HaO,  and  2CrOOH  +  FeO- 
FelCrOa  -I-  HiO. 

Chromic  oxide,  CtjOi,  may  be  prepared  by  dehydration  of 
the  hydroxide,  by  heating  ammonium  dichromate^  (NH4)iCr|0y 
-♦  Nj  -h  4HjO  +  CrtOa  (c/.  p.  268),  or  by  reduction  of  potanum 
dichromate  with  sulfur.  It  is  a  most  excellent  green  pigmenV 
but  since  it  is  quite  expensive  most  of  the  so-called  **  chrome 
green  *'  paints  found  on  the  market  are  a  mixture  of  chrome 
yellow,  lead  chromate,  PbCrO*,  and  Prussian  blue,  Fei  fFe(CN)i]i^ 

Of  the  other  compounds  mention  need  only  be  made  of  chro- 
mium acetate,  Cr(C5Ha02)s,  used  in  the  textile  industry  as  s 
mordant,  chromium  sulfate,  Cri(S04)3,  which  exists  in  two  modi- 
fications and  several  degrees  of  hydration  of  crystals,  and  chiT»me 
alum,    KCr(S04)a  •  12HaO.     The    chrome    alum    is    isomorphou^ 
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ith  the  other  alums  and  is  especially  valuable  because  on  hy- 
alysis  it  yields  the  hydroxide  and  this  in  turn  acts  on  skins 
much  the  same  manner  as  tannic  acid  from  tan-hark.  The 
Jum  is  therefore  much  used  to  produce  what  is  known  as  *^  chrome 
sinned  *'  leather.  Sodium  bichromate,  with  reducinK  agents,  is 
Iso  used  for  the  same  purpose.  It  is  to  be  recalled  that  like 
luminium  and  ferric  salts  the  carbonates,  sulfides,  and  other 
llts  of  weak  acids  are  not  formed  by  precipitation  methods  and 
/en  the  acetate  is  hydrolyzed  completely  on  boiling, 

Acidm  of  Chromium,  —  The  starting  point  for  the  preparation 

practically  all  chromium  compounds  is  through  the  prepara- 
|ion  of  potassium  chromate  by  the  fusion  of  potassium  carbonate 
id  chromite  in  the  presence  of  air.  Lime  or  limestone  is  usually 
Ided  in  order  that  the  porous  character  of  the  lime  may  facili- 
ite  the  access  of  air.  The  reaction  which  takes  place  may  be 
idicated: 

(1 )    4Fe(CrO,)i  +  SKsCOt  +  70,  -^  2Fe,0,  +  SKjCrO*  +  8C0,. 

This  rather  complex  equation  may  be  simplified  by  conaidering 
it  fractionally: 

4[Fe(CrOa)t—  FeO  +  Cr,Oil, 
[4FeO  +  Ot  -»  2Fe,0J, 
2t2Cr,0,  +  30, -^  4CrO,], 
8[CrO,  -h  KjCOa  -^  K,CrOi  +  CO,], 

%d  by  addition  we  get  the  equation  (1)  above.     In  case  lime  is 

used  any  calcium  chromate  is  converted  to  potaasium  chro- 

aate  by  treating  the  fused  mass,  while  still  hot»  with  a  solution 

potassium  sulfate.     The  chromate  is  then  dissolved  in  water 

ad  recovered  by  crystallization.     It  is  a  pale  yellow  salt  which 

very  soluble  in  water,  and  isomorphous  with  potassium  sulfate. 

aen  chromates  are  treated  with  acids  they  are  converted  to 

Schromates  and  since  the  latter  are  less  soluble  than  the  neutral 

It  and  are  not  isomorphous  with  the  sulfate,  the  dichromate 

ordinarily  prepared.     When  potassium  chromate  is  treated  with 

Ifuric  acid  the  first  change  which  might  be  expected  is  KiCrOi 

H,S04  -^  KHSO4  +  KHCrO^.     This    acid    salt    is    apparently 

stable  and  has  not  been  prepared  but,  instead,  we  get  by  elimi- 

ition  of  water  from  two  molecules  of  the  acid  salt  the  dichro* 

lie,    2KHCr04  -^  K,Cr,07  +  HfO,    This    salt,    the    most    im- 


I 
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portant  chroimum  compound,  is  prepared  on  a  very  large  scale 
It  crystallizes,  without  water  of  crystallization,  in  orang^^td 
plates.  Ite  solubility  in  water  is  80  grams  per  liter  at  10*,  rapidli, 
tncreafiing  with  rise  of  temperature  (50  g.  at  0*  and  129  g.  at  100' 
The  correspoDding  sodium  salt  is  very  much  more  soluble  and 
crystallizes  with  two  molecules  of  water.  Tlie  dichromate  in 
solution  in  water  ionizes  to  produce  the  relatively  stable  ion  CrA» 
though  by  analogy  with  the  behavior  of  the  pyroeulfates  am 
pyrophoi^phatee  hydrolysis  should  occur,  thus: 

2K'*  +  CriOr"  ^  KtCriOr  +  H,0  ^  HjCrO^  -f-  KjCrO*. 


That  such  hydrolysis  does  occur  is  indicated  by  the  fact  that 
when  salts  of  metals  which  form  insoluble  chromates  are  addd 
to  bichromate  solutionSi  the  chromate  and  not  the  bichromate 
is  produced,  cg.^ 

2BaCl,  +  K,CriOf>  H«0  -^  2BaCr04  +  2Ka  +  2Ha. 

i 
On  the  other  hand^  various  methods  of  investigation  indicate 
that  in  the  absence  of  influences  which  withdraw  chromate  tow 
the  hydrolysis,  even  in  great  dilution,  does  not  go  far.  The  bi- 
chromate is  also  convertible,  by  addition  of  chroniic  anhydride 
or  by  appropriate  treatment  with  acids,  into  the  polychromalt^, 
and  with  concentrated  sulfuric  acid  to  chromic  anhydride, 
relations  are  probably  most  clearly  expressed  by  the  foUon 
structural  formulsB: 


1 


Cbromate 


K-O-Crf 


DichromMc 


Tricbromate 


/   H 

Tetraehrantti' 


The  anhydride  formation  may  be  indicated: 


K,CrO,  +  H,SO«  -*  K,SO«  +  Cr  =  O 
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BiehromateB  are  converted  at  once  by  addition  of  boHcs  into  the 
chroraates.     This  may  be  taken  also  as  an  indication  of  at  leasti 
minimal  hydrolysis,  e.g., 

K,Cr»07  +  HsO  ->  KjCrOt  +  |H,CrOi  +  2K0H  -^  KiSOi  +  2Hi01 
or  KjCfjOt  +  2K0H  ^  2K,Cr04  +  HtO. 

Alkali  bichromateg  are,  in  general,  stable  toward  beat  since  they 

melt  without  appreciable   decomposition,   the  potassium  salt  at 
400°,     At  higher  temperatures,  however,  they  decompose,  form- , 
ing  first  the  products  indicated:    4KiCrt07  — ^4KtCr04  +  2CrtOi j 
+  30t,  and  if  the  temperature  be  sufficiently  high,  4KtCr04— *  2K|0 
+  2CrtO,  +  3O2, 

In  solution  in  the  presence  of  acids  we  have,  of  course,  the  tend- 
ency to  form  chromic  acid.  This  is  a  powerful  oxidizing  agent 
probably  by  reason  of  its  instabihty^  with  consequent  formation 
of  the  anhydride,  and  of  the  instability  of  the  latter.  Oxidizing 
reactions  of  acidified  chromate  and  bichromate  solutions  are  there- 
fore to  be  considered  as  the  disturbance  of  the  following  equilib- 
rium system  by  oxidizable  substances; 

HiO  +  KsCnOj  +  HiSOi  4^  2H»Cr04  +  KiSOi 
P  ^  2HsO  +  2CrOi  ^  Cr,0,  +  (30). 

Oxygen  is  not  present  in  such  a  system  to  an  extent  involving  its 
evolution  in  the  free  condition.  If,  however,  oxidizable  sub* 
stances  are  present  withdrawal  of  oxygen  involves  the  movement 
of  the  system  in  the  direction  — ♦,  The  equations  representing 
such  reactions  appear  at  first  rather  complicated  but  if  factored 
are  rather  simple,  e.g., 

IHaO  +  KaCr.Oi  +  HtSO*  -*  K2SO4  +  2H,Cr04, 
HjCrO*  -^  HaO  +  CrO,, 
2CrO,  -^  CrtO,  +  30, 
H,S  +  O  ^  HtO  +  S, 
CrxO,  +  3H,S04  ^  Cr^CSOOt  +  3H,0, 

and  by  summation, 

KsCriGT  +  4HtS04  +  3H,S 


KsSO*  +  Crs(S04)i  +  7HtO  +  3S. 


By  use  of  this  system  of  relations  the  oxidation  reactions  of  the 
bichromates  may  be  readily  expressed  in  the  form  of  equations. 
This  somewhat  detailed  consideration  has  been  given  the  chromates 
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because  of  their  extreme  importance  as  laboratory  reagents,  par* 
ticularly  in  quantitative  analysis  and  in  orgamc  preparations. 


red  J 


Chromic  Anhydride^  CrOty  separates  in  the  form  of  dark  red 
needles,  if  an  excess  of  concentrated  sulfuric  acid  be  added  to  coi 
centrated  solutions  of  bichromates  or  chromates.  It  is  a  powerful 
oxidizing  agent  and  ignites  alcohol,  decomposee  ammonia,  char^ 
paper  and  In  general  strongly  resembles  sulfur  trioxide.  One  ol, 
its  modes  of  behavior  is  utilized  to  distinguish  chlorine  from  iodiiif 
and  bromine*  If  a  dichromate  and  chloride  are  niixed  and  treated 
with  concentrated  sulfuric  acid  and  distilled,  a  dark  red  liquid 
boiling  at  116*",  distills  over.  It  is  chromyl  chloride,  CrOtCli,  tb^ 
analogue  of  sulphur vl  chloride.  It  may  be  collected  in  water  by 
which  it  is  hydrolyzed.  CrOjCl,  +  2HiO  ^  2HCI  +  HjCrOi,  The 
corresponding  iodine  and  bromine  compounds  have  not  been  madei 
The  chromyl  Suoride  is  known.  ^^^ 

Perchromic  Acid.  —  The  deep  blue  solution  obtained  wli^^ 
dilute  solutions  of  chromic  acid  are  treated  with  hydrogen  peroaade, 
which  was  discovered  by  Barriswill  in  1847  and  is  used  as  a  meiitf 
of  detection  of  small  quantities  of  both  chromates  and  hydrug^o 
peroxide,  is  a  very  unstable  substance.  It  is  soluble  in  ether,  in 
which  it  is  less  evanescent.  The  blue  solution  was  shown  by 
Moissan  i^  be  perchromic  anhydride*  CriO?,  but  is  not  necessarily  ft 
beptavalent  derivative  of  chromium.  If  it  is  treated  with  wc&iMS 
of  metals,  at  sufficiently  low  temperature^  compounds  are  produced 
having  the  empirical  composition  M'CrOi,  where  M'  is  a  univaleiit 
metal.  These  salts  arc  extremely  unstable  and  have  pnibably  tM  j 
structure  represented  by,  e.g., 

^  0  and  the  anhydride  may  be 


KO-Cr^' 


O^   ^0-0^    ^O 


that  is  to  say,   the  compounds  contain  the  hydrogen 
grouping  —0  —  0—  and  the  probable  molecular  formula  M^C 
By  use  of  concentrated  hydrogen  peroxide  fairly  stable  salt*  of  tl**  ] 
formula  KjCrOa  have  also  been  prepared. 
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Occurrence,  —  Moljbdenite,  MoSi,  and  wiilfenlte,  PbMoOi,  are  the  moat 
importjiQt  ores  of  molybdenum.  The  former  was  long  confuted  with  Rraphilfi, 
plumbago,  or  "  black  lead/*  The  name,  from  this  fact  (from  fuAu^SSatwi »  lead), 
we  owe  to  Scheele  who  first  recoi?i»2ed  the  existence  of  &  sj>ecial  acid-forming 
clement  id  molybdenite.  The  discovery  of  the  element  is  usuaOy  aacribed  to 
Hjelm,  who  first  isolated  the  element  in  1790. 

Preparation f  Properties  and  Uses.  —The  element  can  be  obtained 
from  its  oxide  by  retluction  with  charcoal^  but  is  moat  readily  prepared  by  the 
Goldachmidt  process.  Ita  specific  gravity  i&  appnixiinktely  8.6  and  itj^  melting 
point  about  2500**.  As  a  pure  metal  it  findM  almost  no  practical  usm,  but  itA 
alloys,  especially  that  with  iron,  are  useful.  Molybdenum  st<?el,  containing  up  to 
10  per  cent  molybdenum,  is  UHed  to  make  rifle  barrels,  propeller  Mhafta  for  ships  and 
other  vehicles  and  more  eapecialjy,  tool  steels.  It  is  said  to  be  more  suitable  for 
the  latter  purpoi^^  because  less  brittle,  than  tungsten  steel  iq.u.}.  The  world  war 
has  greatly  stimulated  its  product tou. 


Compounds^  —  When  molybdenite  is  roasted  the  oxide,  MoOi,  is  produced* 

It  is  the  most  important  of  molybdenum  compounds.  Like  chromium  trioxide, 
it  is  a  distinctly  acidic  oxide  and  with  bases  forms  molybdatefl.     Ammonium 

i  iKiolyt>date  in  nitric  acid  solution  is  used  very  extensively  aa  a  means  of  estimation 
of  phosphates.  The  precipitate  formed  when  this  solution  \&  added  to  phosphates 
is  a  voluminous  yellow  phosphomolyhdate.  This  substance  varies  in  composi- 
tion  «omewhat  according  to  the  conditions  of  precipitation,  but  is  approximately 
(NH4)|P0<  •  1 1  Mo^^i  •  6H2O.     The  variation  from  constancy  is  ascribed  usually  to 

.  the  faciiity  with  which  the  acids  of  this  group  form  "  condens*?d  "  or  *'  poly  '*  acids. 
It  may,  however,  be  oonsidered  that  we  have  here  an  example  of  the  law  of  definite 
ortions  functioning  simply  as  a  ''definition,"  since  not  only  the  phospho- 
klybdate,  but  the  analogous  compounds  of  arsenioua,  arsenic,  silicic^  vanadic, 
tantalic,  tungstic  acids  form  similarly  variable  Gompounds»  although  beautifully 

,  cr>'8talline  and  otherwise  characteriaticatly  **  definite  compounds."  Other  degrees 
of  oxidation  of  molybdenum  are  represented  by  the  chlorides  MoCIs^  MoClt» 
MoCli,  Mod*  and  the  oxides  corresponding  to  these.  By  means  of  ainc  and 
acid,  i.«.,  *' nascent  hydrogen/'  alt  the  higher  forms  are  reduced  to  the  trivaletit 
with  color  changes  ranging  through  violet  to  blue  or  black.  Likewise  in 
solution  the  sulfide,  MoSi,  is  produced  by  hydrogen  sulfide,  though  its  pre- 
cipitation is  preceded  by  the  formation  of  a  blue  color,  thought  to  be  due  to 
molybdenum  molybdate,  Mo(Mo04)i.  The  sulfide  is  somewhat  soluble  and  con- 
sequently the  element  may  appear  also  in  group  IV,  since  it  is  soluble  also  in 
ammonium  sulfide.  Since  molybdates  when  acidified  produce  malybdic  acid» 
which  in  turn  forms  the  fairly  insoluble  trioxide,  raolybdatee  may  appear  in  the 

^  first  analytical  group.  This  behavior  makes  molybdenum  a  very  unwelcome 
factor  in  quantitative  operations. 
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TUNG8TEN 

Occurrcftce  and  History*  —  The  two  chief  ores  of  tung;itent^ 
scheelite,  CaWO*,  and  wolfrainite,  (FeMD)W04,  are  fairly  abuDdant] 
minerals  and  the  recent  development  of  extensive  usee  of  the 
ment  and  its  compounds  has  induced  a  considerable  productionj 
(In  1915  upwards  of  5000  tons  of  the  metal)  Its  production  being 
much  greater  than  that  of  mercury,  biamuth  and  cadmium  com- 
binedf  it  is  evidently  out  of  place  to  longer  consider  it  a  rare  elemenr. 
The  element  was  discovered  in  1781  by  Scheele  in  the  miner 
then  known  as  "  tungBten/*  hence  the  name.  The  German  nama 
for  the  element  is  wolfram,  hence  the  symbol  W.  It  is  said 
have  been  a  constituent  of  ''Damascus'*  steel. 


Preparation^  Propertien  and  Uses.  —  Tungsten  ores  can  be. 
converted  into  soluble  tungstates  by  fusion  with  sodium  carbonate.^ 
The  soluble  salt  can  in  turn  be  precipitated  by  treatment  with™ 
acids,  as  tungstic  acid,  HsWOi,  and  this  in  turn  by  heating  may 
be  converted  into  the  oidde,  WOj.     The  metal  may  be  prepared 
in  the  form  of  a  powder  by  reduction  of  its  oxide  by  means  of  either 
hydrogen  or  carbon.     It  may  also  be,  and  usually  is,  prepared  by 
the  Goldschmidt  process.     The  metal  is  very  heavy  (sp.  gr-  18  ta  J 
19.6)  and  very  infusible,  melting  point  about  S000°,  and  is  o^fl 
dinarily  very  hard  but  by  proper  mechanical  treatment  may  b«™ 
tempered   to  a  softness  about  equal   to  that  of  platinum.     Th« 
powdered  metal  may  be  converted  into  a  compact  form  by  firalj 
forming  an  amalgam  which  is  molded  into  the  desired  form  and] 
then  the  mercury  is  expelled  by  beating,  leaving  the  tung|l«i 
in  coherent  form.     The  powder  may  also  be  pressed  into  compA^ 
form  and  then  welded  by  hammering  or  rolling  while  at  a  high 
temperature.     The  softened  metal  is  ductile  and  may  be  drawn 
out  into  wire.     It  is  a  fairly  good  conductor  of  electricity.     It  is 
not  acted  upon  by  the  air  readily  at  high  temperatures,  nor  does 
it  volatilize  to  an  appreciable  extent  even  at  very  high  temperature- 
If,  therefore,  long  thin  wires  are  properly  supported  and  are  heat^i 
by  the  electric  current,  a  very  high  temperature,  and  consequeotlv 
high  luminosity,  may  be  obtained.     This  is  particularly  true  if  the 
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lamp  bulb  is  filled  with  nitrogen;  better  elill,  with  argon.  The 
relative  efficiency  of  these  lights  is  shown  by  the  comparison:  the 
beat  carbon  lamp  consumes  2,5  watts  per  candlepower,  tantalum 
lamps,  2.0  watts,  and  the  tungsten  about  L2  watts.  This  saving 
in  cost  of  lighting  has  made  the  tungsten  lamp  almost  universally 
used  and  many  millions,  even  hundreds  of  millions,  are  annually 
produced.  There  is  now  reported  an  arc  light  type  of  an  incan- 
descent lamp  which  uses  tungsten  and  certain  oxides  of  the  rare 
earths  for  which  an  efficiency  of  0.3  watt  per  candlepower  is 
claimed.  (See  Sci.  Amer.  Supp.,  Vol  81,  p.  109  (1916).)  Tung- 
sten iron  alloys  are  of  special  importance  for  the  manufacture  of 
tungsten  steel,  which  is  an  alloy  of  tungsten  (16  to  20  per  cent), 
chromium  (2.5  to  5  per  cent),  vanadium  (0.35  to  1.5  per  cent), 
carbon  (0.55  to  0.75  per  cent)  and  iron  (72.75  to  80.6  per  cent), 
possesses  the  property  of  being  tempered  to  extreme  hardness  and 
does  not  lose  it^  '*  temper  "  when  hot.  It  may  therefore  be  used 
for  turning  tools  for  high-speed  lathes.  Its  introduction  has  vastly 
cheapened  the  production  of  many  types  of  machines  (automobiles, 
for  example),  and  has  fairly  revolutionised  shop  practice  (r/. 
molybdeoum  steel). 

^B  Compounds.  —  While  tungsten  as  an  element  is  characteristi- 
^■ally  metallic,  its  compounds,  particularly  those  in  which  its  higher 
^rvalencies  are  expressed  are  acid  in  character  In  a  general  way  they 
resemble  those  of  molybdenum  and  at  least  four  chlorides,  and  the 
I  oorres^ponding  oxides,  are  described.  The  tendency  to  form  com- 
plex compounds  of  indefinite  character  is  even  more  marked  than 
with  molybdic  acid.  Besides  the  normal  tungstate  of  sodium. 
Na»W04,  at  least  thirteen  others  have  been  described,  all  of  which 
contain  smaller  proportions  of  tungsten.  Sodium  tungstate  is  used 
as  a  mordant  in  dyeing  and  for  fireproofing  fabrics  (</.  p.  552). 
By  partial  reduction  of  sodium  or  potassium  tung^tates  in  acid  solu- 
tion by  means  of  tin,  the  so-called  '^  tungsten  bronzes  ^'  are  ob- 
tained. These  range  in  color,  according  to  mode  of  preparation, 
from  yellow  to  blue,  violet  and  purple.  These  bronzes  are  not 
true  tungstates,  nor  are  they  tungstites.  One  of  them,  for  example, 
is  said  to  have  the  composition  NttiW40i2.  Phoaphotungstic  acid, 
HtPO*  •  12W0i  •  l8HiO,  is  a  crystalline  soluble  substance  which  is 
used  as  a  reagent  for  alkaloids  and  proteins.  Tungsten  compounds 
are  used  to  some  extent  as  pigments.  The  trioxide  is  *'  canary 
yellow  "  in  color. 
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Occurrence  and  Histary,  —  The  most  important  ore  of  uimntiim  m 
pjtchblmide,  or  urantnitei  a  complex  mineral  (see  p.  464),  which  oontAina  th» 
uraDiiim  as  the  uxitie^  L7|0«.  Other  ores,  aow  of  special  importance  beaum  ol 
ndium  (see  Chap.  XXXI II),  are  deveite,  a  mineral  of  the  pitchblende  type^  whicb 
contains  abo  yttrium  and  other  rare  earths^  abo  interestinK  because  oC  the  pref- 
ence  in  it  of  beliuni,  camotite,  a  t>ntasHLum  uranate  and  vauadanate.  and  stmir- 
aldte,  a  uranium  TantalD-niobate.  The  element  was  first  obeerved  by  KJaprotli 
in  1789  and  named  after  the  then  newly  diacovered  planet  Uranus.  It  wat  fixil 
isolated  by  Peiigot  in  1842. 
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Preparation^  Proper  tiesy  and  Uses,  —  The  element  may  be  pt^piiot^ 

by  reduction  of  the  tetrachloride  by  sodium,  or  from  the  oxide  by  carbon  in  tlit 
electric  furnace.  It  is  a  white  metal  resembling  nickel,  not  as  bard  as  steel  of  t 
specific  gravity  about  18J,  melting  point  about  1500**.  As  a  metal  it  has  bo 
special  applications  as  yet  but  its  alloy  with  iron  has  special  hardness  and  tou^ 
nesSf  which  would  doubtless  find  uses  were  uranium  more  common.  The  specul 
interest  attach^  to  uranium  is  its  association  with  radium » into  which  it  apparenitj 
is  oontlnually  decomposing.  This  relation  and  accompanying  features  is  t}ic 
special  topic  of  the  next  chapter.  It  is  also  of  interest  as  being  the  element 
the  maximum  known  atomic  weight. 
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Compounds,  —  Uranium  forms  a  long  series  of  compounds  derived  fnm 
the  stages  of  oxidation  represented  by  UiO*,  U0|,  U|Os^  UOf  and  UO*.     It  willb* 
observed  that  m  the  last  of  these  it  shows  the  maximum  valency  as  if  it  beloDgcd 
to  group  VI IL    The  more  readily  formed  salts  are  those  derived  from  VOt  and 
UOi,  the  uranyl  and  uranic  salts.    The  more  common  uranium  salts  are  of  uranjt,  I 
U0|.     Examples  are   uranyl   nitrate^   U0i(N0j)s  *  3H«0  and    uranyl    acetate, 
UOt(C|H*0»)i.     (C/.  bismuthyl    and    antimonyl    salta.)     These  are  flometmi« 
used  in  the  quantitative  estimation  of  phosphoric  acid.    The  most  importsnl 
compound  of  uranium  is  sodium  diuranate,  NaiUtOr  *  7HtO  (analogous  to  Um  j 
dichromatea).  which  is  used  in  making  uranium  glass,  which  shows  a  very  besut)*  j 
ful  greeniflh-yeliow  fluoresence. 


the  conditions  which  affect  the  color  ^ 
and   nitrate  stable  in  w&tar 


Exercises.  —  L    Discuss 

of  compounds  in  solution. 

2.  Why   are  chromium  sulfate 
solution  while  the  sulfide  is  not? 

3.  If  sodium  hydroxide  is  added  to  solutions  of  the  foUowijig 
compounds,  what  happens  and  why?  Chromic  nitrate,  chromic 
acid,  potassium  chromate,  potassium  dichromate? 

4.  Assuming  the  cost  of  current  at  ten  cents  per  kilowatt  per 
mr,  how  much  would  be  the  saving  per  night  of  twelve  hours  by 


SUB-GROUP  A  OP  GROUPS  V  AND  VI 


577 


using  the  tungsten  lamp  as  compared  with  the  best  carbon  lamp 
if  ten  thousand  candle  power  light  is  used? 

5.  Formulate  the  reactions  involved  in  the  preparation  of  the 
metals  of  this  group  by  the  Goldschmidt  process. 

6.  Since  the  phosphomolybdate  precipitate  is  of  inconstant 
composition  unless  under  very  carefully  controlled  conditions,  what 
are  the  probable  reasons  for  its  utilisation  in  the  estimation  of 
phosphates? 

7.  Consider  and  state  the  advantages  from'an  economic  stand- 
paint  of  tungsten  and  molybdenum  steel  as  turning  tools. 


CHAPTER  XXXin 
RADIOACTIVITY 


As  haa  already  been  mentioned  the  members  of  the  ei 
fteries  of  the  Mendeleeff  system  possess  radioactive  properties  iisdf 
a  discussion  of  these  and  certain  connected  phenomena  and  de- 
ductions therefrom  is  the  purpose  of  the  present  chapter,  Thou^ 
the  topic  is  relatively  very  new  its  intensely  interesting  and  im- 
portant character  has  produced  an  enormous  amount  of  investi* 
gation  and  an  even  more  enormous  amount  of  conjecture.  A 
brief  historical  r&ium6  will  place  us  in  a  position  to  intelligeatl 
consider  the  more  definite  phases  of  the  topic. 


Cathode  Rays  and  the  Electron  Hypothesis,  —  During 

period  from  approximately  1850  t^  1897,  the  investigation  of  tbe 
discharge  of  electricity  lietween  electrodes  sealed  in  hi^y  evacu*  i 
ated  tubes  (Fig,  124)  developed  facts  conoemin^ 
what  are  known  as  the  cathode  rsLys  as  follo^*3t' 
The  cathode  gives  rise  to  particles  which,  when 
they  strike  the  glass  surface  of  the  tube,  render 
it  phosphorescent;  a  shadow  is  cast  upon  the  walb 
of  the  tube  when  certain  kinds  of  substances^  e. 
platinum,  are  placed  between  the  cathode  and  t 
opposite  wall  of  the  tube;  the  particles^  when  tb 
are  concentrated  upon  an  object,  raise  its  temp€^ 
ature;  they  produce  chemical  changes  in  many 
substances;  they  can  pass  through  thin  sheets 
metal  but  the  absorptive  power  is  proportional 
the  density  of  the  metal  employed;  they  chargi 
negatively  an  electroscope  placed  in  their  path,  and 
their  course  is  deflected  by  the  positive  pole  of  an 
electromagnet.  They  will  cause  a  fog  when  the 
cathode  stream  is  directed  into  moist  air;  above  all, 
these  particles  seem  to  be  the  same  whatever  the  nature  of  th« 
cathode  employed*  A  portion  of  these  extremely  remarkable  fact^ 
led  Crooks  (1879)  to  assume  that  they  represented  a  fourth  stite 
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matter,  which  he  called  radiant  matter.     Based  upon  the  de- 

Bction  of  cathode  rays  by  means  of  a  magnet,  J.  J.  Thompson 

atimated  their  velocity  at  approximately  that  of  light  and  esti- 

lated  their  mass  as  -rimf  that  of  the  hydrogen  atom.     He  reached 

le  remarkable  conclusion  (1897)  that  cathode  rays  are  negatively 

larged  electrons  (a  term  suggested  by  Stoney  (1881)),  which 

have  been  formed  by  the  disintegration  of  atoms*    From  this 

^ieginning  and  from  the  study  of  the  behavior  of  radioactive  sub- 

^pances  has  been  subsequently  developed  the  conception  of  atomic 

^  structure  later  detailed  (Chap,  XXXVl).     These  studies  have  also 

to  the  conception  that  electricity  is  itself  corpuscular  and  these 

jlectrons  are  nothing  else  but  particles  of  electricity.    This  idea 

been  incorporated  with  the  ionization  hypothesis  and  we  are 

iclined  to  regard  a  positive  ion  as  a  portion  of  matter  differing  from 

ordinary  substance  by  one  or  more  electrons,  while  particles 

rendered  atdons  by  addition  of  negative  electrons. 


This  addition  of  the  electron  hypotheeie  to  the  ionic  ha&  aomewbat  the  ehar- 

er  of  "  piling  Ossa  on  Pelion/*  but  if  it  can  be  BuccesafuUy  done  and  a  better 

*  auBKichtfttunn  "  so  obtained  there  can  be  little  objection.     The  danger  lies  in 

tendency  to  aasume  thai  by  bo  doin^  new  knowledge  ia  gained^  a  oonditlon 

[itiary  to  factt 


X'Rayn* — ^When   cathode    rajrs    unpinge    on   glass   or   other 

irfaces  a  manifestation  of  energy  known  as  X-  or  Roentgen  rays 

iificovered  by  Roentgen  1895)  is  produced.     These  rays  have  re- 

irkable  penetrative  power.     They  pass  through  glass  and  other 

ulid  matter  and  are  not  deflected  by  the  magnet.     They  move 

ith  the  velocity  of  light  and  are  capable  of  producing  photo- 

raphic  effects  similar  to  those  of  light.     They  are  not  visible  rays 

but  falling  on  many  substances  they  produce  a  fluorescence  by 

Vhich  their  presence  may  be  detected.     Such  substances  are  barium 

latinocyanide  BaPt(CN)4,  calcium  tungstate,  CaWO*,  sphalerite, 

3,  etc*     These  X-rays   appear   to  be  radiant  energy  of  very 

liort  wave  lengths  (10"®  cm.)  and  have  recently  been  subjected 

diffraction  by  *'  crystal  gratings/'  by  W.  L.  Bragg  and  his  son, 

trough  which  operation  much  tentative  information  has  been 

ined  about  crystal  structure. 

The  full  discussion  of  X-rays  and  their  properties  is  of  course 

fmiction  of  a  text  on  chemistry,  but  so  much  is  needed  for  a 

entation  of  radioactivity.     The  part  played  in  chemistry  by 


580 


INORGANIC  CHEMISTRY 


i 


X-ray  study  is  doubtless  only 
bere,  p.  625.) 


a  beginiuDg.     (See  atomic  num- 


Canal  Rays*  —  In  the  vacuum  tubes  beside  the  cathode  rays 
another  set  of  rays  arise  at  the  anode  and  travel  in  straight  lines 
with  a  velocity  apparently  yV  t^hat  of  light.  They  appear  to  be 
positive  '*  electrons,"  i.e.,  are  de6ect-ed  by  the  negative  pole  of  a 
magnet.  Their  mass  Is  not  constant  for  different  anodes  and 
they  appear  to  consist  of  particles  ranging  from  the  mass  of  the 
hydrogen  to  that  of  the  helium  atom. 


1 


A 
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Radioactwe    Substances,  —  In    1896    Henri    Becquerel    at- 
tempted to  discover  if  the  substances  made  fluorescent  by  X-rays 
would  themselves  produce   X-rays^  f\e.>  if  the 
change  were  of  the  reversible  type.      He  use^ 
for  his  purpose  uranium  salts  and  discovered 
that  if  these  salts  were  placed  on  photogi^hic 
plates  for  some  hours  and  then  the  plates  went 
developed  the  outlines  of  the  salt  masses  W€i 
shown  on  the  plate.     These  eflfects  were  sho' 
to  be  produced  by  all  uranium  compounds 
by  the  metal  itself.      It  was  inferred  that  the 
results  were  due  to  radiations  from  the  sub« 
stances,   which  were  hence  called   radioactive 
and  that  these  radiations  (called  Becquerel  ray 
were  similar  to   X-rays.     They  were,  however, 
"  able  to  discharge  a  charged  electroscope  (Fi| 
125)  and  this  simple  and  long  known  instrumenl 
has  proved  the  most  effective  for  ascertaining  traces  of  radioactivit; 
in  minerals. 

Using  this  method  the  radioactivity  of  thorium  and  of  its 
pounds  was  discovered  in  1898  (by  Schmidt  and  Madame  Curie 
independently)  and  also  that  certain  uranium  ores  were  more 
radioactive  than  pure  uranium  or  its  pure  salts.  Professor  %ni 
Madame  Curie  then  undertook  the  investigation  of  one  of  thes^ 
to  determine  if  the  activity  were  due  to  an  "  impurity/*  Pitch 
blende  was  selected,  since  its  activity  was  about  seven  times  thai 
of  uranium.  The  very  laborious  and  trying  investigation  resultel 
as  was  indicated  in  Chapter  XXVI,  in  the  isolation  of  salts  of* 
new  metal  several  million  times  more  active  than  uranium.  Tb^ 
difficulties  encountered  are  but  faintly  indicated  by  the  fact  th«i , 
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from  6000  kg.  (6  long  tons)  only  2  g,  of  pure  radium  bromide  can 
be  obtained. 


. — I 
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Nature  of  Rtidiatian,  —  Investigation  of  the  radioactivity  of 

ium  compounds  by  the  Curies,  by  Rutherford,  Boltwood,  McCoy 
[and  of  recent  years  by  almost  countless  others)  has  developed 
such  a  very  large  number  of  facts  (and  so  much  speculation)  that 
it  is  not  possible  to  go  into  full  detail.  The  following  points  may 
be  regarded  as  clearly  established: 

The  radiations  from  active  materials  are  of  three  kinds,  known 
as  a,  fi  and  y  rays. 

The  a  rays  are  of  the  same  general  type  as  anode,  or  canal, 
.ys,  i,e.,  they  are  of  an  initial  velocity  about  xV  ^^^^  of  light, 
carry  positive  electrical  charges,  double  that  on 
the  hydrogen  ion,  and  are  of  approximately  4 
times  its  mass.  They  are  quickly  stopped  by 
solid  substances  and  even  by  air  and  when  they 
are  discharged  they  prove  to  be  identical  with 
helium*  Indeed  Ramsay  and  Soddy  have  shown 
that  the  rate  of  production  is  158  cubic  milli- 
meters per  gram  of  radium  per  year.  The 
flashes  of  light  produced  in  a  spinthariscope 
(Fig,  126)  are  supposed  to  be  due  to  the  impact  of  a  particles 
from  a  bit  of  radium  salt  upon  zinc  blende. 

The  p  rays  are  identical  with  the  cathode  rays.     In  terms  then 
the  electron  hypothesis  they  consist  of  negative  electricity  mov- 
ig  with  the  speed  of  light  (apparently  they  move  more  rapidly 
m  cathode  rays). 

Both  a  and  P  rays  cause  fog  precipitation  in  moist  but  dust- 

I  air  (cf.  p.  274)  when  the  air  is  suddenly  cooled  by  expansion;  and 

T.  R.  Wilson  has  been  able  to  photograph  these  '*  fog  tracks  " 
which  apparently  indicate  the  paths  of  moving  molecules. 

The  Y  J'ays  are  identical  with  X-rays  and  are  presumed  to  be 
produced^  as  are  the  latter^  by  impact  of  fi  rays,  or  electrons,  on 
surrounding  matter. 

The  most  striking  fact  about  radioactivity  is  that  it  is  not  ap- 
parently influenced  in  the  slightest  by  anything  wMch  can  be  done 
to  it.  It  is  as  rapid  at  -200"*  C.  as  at  2000*.  nor  does  light  or  elec 
trical  or  chemical  treatment  alter  its  rate.  Nevertheless,  heat  19 
being  constantly  evolved  from  radium  at  a  rate  approjcimately 
equal  to  120  calories  per  hour  per  gram  of  radium. 


INORGANIC  CHEMISTRY 


Besides  these  "  rays  "  Rutherford  has  shown  that  radium  also 
produces  an  ** emanation"  or  gas  which  can  be  liquefied  and  other- 
wise investigated.  It  proves  to  be  without  any  detectable  chemi- 
cal properties.  It  was  given  the  name  niton  and  assigned  to  a 
vacant  place  in  the  zero  group  in  the  periodic  system.  It  is  itself 
radioactive  and  decomposes  after  a  few  days,  giving  a  radioactivti 
soUd  and  helium. 

Every  uranium  mineral  contains  radium  and  radium  emanatioa 
and  on  treatment  of  nearly  all  these  minerals  with  reagents  whiclil 
effect  their  solution  helium  gas  is  evolved.  Also  when  uranium 
compounds  are  treated  with  reagents  which  effect  the  removal  of 
the  radium  the  uranium  radiation  can  be  reduced  to  a  minimum  and 
indeed  to  a  point  where  practically  only  a  particles,  t.f.,  elec- 
trically charged  helium,  are  produced.  After  from  six  months  t 
a  year  the  radioactivity  of  the  uranium  salt  regains  its  originall 
activity. 


Theory  qf  Hitdioactivity.  —  The  above  facts  have'  led  to  tte^ 
following  conclusions  more  or  less  well  established  by  supplemej 
tary  evidence  from  various  sources:  While  uranium,  radium,  and 
other  substances  (nde  infra)  are  regarded  as  elements  since  they 
have  the  general  behavior  of  such  in  the  chemical  sense,  they  are 
yet  regarded  as  decomposing  into  simpler  elementary  forms.  The 
end  products  are  electroes,  helium  and,  finally,  lead.  The  enerfy 
liberated  is  presumably  due  to  intra  atomic  changes,  while  the 
ordinary  forms  of  chemical  change  involve  energy  because  of  inter- 
atomic relations.  More  or  less  certainly  it  has  been  eMablished 
that  the  series  of  changes  from  uranium  to  lead  involve  the  fol- 
lowing steps: 

U-^He  +  UXi-*€  +  UXt-^«  +  U,^He  +  lo  (lomum), 
lo  ->  He  +  Ra  (Radium)  -*  He  +  Nt  (Niton) 

Nt  -*  He  +  RaA  ^  He  +  R&B, 
RaB->e  +  RaC-*c  -f  RaCi-^  He  +  RaD->€  +  RaE, 
RaE-^€  +  RaF-»  He  +  Pb  (Lead). 

The  symbol  e  above  is  intended  to  represent  an  electron  nVir  ^^ 
hydrogen  atom  in  weight.  The  transformation  from  uranium  to 
lead  therefore  represents  a  loss  of  8  helium  atoms  (He****)  and  sioee 
lead^  helium  when  free,  and  uranium  are  all  neutral  in  the  various 
stages  above  given  a  total  of  16  electrons  are  given  off. 


A  Bimilar  series  of  decomposition  products  from  thorium  have 
also  been  assumed;  also  ultimately  ending  in  lead.  In  this  case 
I  the  assumption  is  that  there  are  lost  by  the  thorium  6  helium  atoms 
I      and  consequently  12  electrons.  ■ 

^m  Two  other  series  of  decomposition  products  arc  also  possible, 
^^Herived  from  the  elements  actinium  and  polonium.  These  ele- 
^nnents  occupy  the  vacant  places  in  the  periodic  system  in  series 
^^leven,  but  their  existence  is  not  yet  sufficiently  well  established  that 
they  appear  in  the  international  tables  of  atomic  weights  (1917).       4 

That  such  a  decidedly  revolutionary  view  of  the  character  of 
radioactivity  and  of  the  decomposition  of  elements  should  have 
so  quickly  gained  practically  general  scientific  assent  is  due  to 
B  number  of  supplementary  lines  of  evidence  a  few  of  which  are     _ 
BB  follows:  ■ 

The  electron  hypothesis  has  received  rather  general  acceptance 
as  an  instrument  for  the  coordination  of  physical  facts  of  both 
electrical  and  magnetic  types.  The  coincidence  of  properties  of 
the  products  of  electrical  discharge  in  highly  evacuated  tubes  with 
those  of  many  of  those  of  radioactive  decomposition  inevitably 
connect  the  two  types  of  phenomena  and  the  two  hypotheses  sup- 
port each  other  (^.  p.  681),  Radium,  and  its  less  stable  deriva- 
tives,  appear  to  decompose  at  a  rate  which  can  be  accurately  ■ 
measured  and  their  half-periods^  calculated  on  the  basis  of  mono-  " 
molecular  reactions  (cf,  p.  137),  give  hfe  periods  which  account 
for  various  well  established  facts.  For  example,  no  uranium  ores 
are  known  which  do  not  contain  both  radium  and  lead.  AJso  no 
thorium  ores  are  known  which  do  not  contain  lead.  If  however 
lead  from  these  two  sources  is  converted  into  lead  chloride  and  the 
atomic  weight  determined,  that  from  thorium  ores  gives  an  atomic 
weight  of  208.4  (Soddy)  white  that  from  radium  ores  gives  values 
ranging  from  206.4  to  207.15  (Richards  and  Lambert,  Jour.  Am. 
Chem.  Soc,  36,  1329).  Ordinary  lead  has  an  atomic  weight  of 
207.20.  This  evidence  is  the  stronger  because  uranium  by  loss 
of  8  helium  atoms  (or  a  total  loss  of  4  X  8  =  32)  should  give  an 
atomic  weight  of  238.2  -  32  ^  206,2,  while  thorium  by  loss  of  6 
helium  atoms  (a  total  of  24)  should  give  an  atomic  weight  of  232.4 
-  24  -  208.4, 

The  character  of  the  work  and  that  of  the  investigators  is 

such  that  we  must  accept  the  fact  that  there  are  at  least  three 

varieties  of  lead  chloride  with  identical  properties,  so  far  as  has 

determined,  and  yet  with  varying  proportions  by  weight. 
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This  exception  to  the  law  of  definite  proportions  mufit  apparenUf 
be  accepted  as  a  fact.  Moreover,  we  are  also  faced  by  an  apparent 
situation  where  one  of  the  fundamental  points  of  Dalton's  atomic 
hypothesis  will  not  apply.  The  atoms  of  lead  are  not  all  of  like 
weight.  Elements  having  different  atomic  weights  but  the  a&me 
chemical  characters  are  c^led  Isotopes*  (This  assumption  of 
unlike  atoms  is  also  used  by  Crooks  to  account  for  the  varying 
properties  of  the  nearly  related  rare  earths  (?-«?•)  which  Crooks 
proposes  to  call  "  meta  elements/*) 

The  heat  evolved  by  radioactive  decompositions  is  not  to  be 
accounted  for  satisfactorily  except  by  the  assumption  of  atomiisfl 
disintegration,  for  were  these  radioactive  substances  really  helides, 
as  Armstrong  supposes,  i.e.,  really  compounds  of  lead  or  other 
elements  with  helium,  it  is  not  credible  that  such  enormously 
endothermic  compounds  would  decompose  at  rates  uncontrolled 
by  external  conditions.  It  is  estimated,  for  example,  on  the 
basis  of  the  known  beat  evolution  of  radium  and  its  calculated 
life,  that  one  gram  of  radium  on  decomposition  yields  not  far 
from  2,000,000,000  calories  of  heat,  a  quantity  approximately 
a  quarter  of  a  mUlion  times  that  of  the  combustion  of  a  like 
quantity  of  carbon. 

Finally,  it  may  be  said  that  geologists  and  astronomers  are 
unable  to  account  for  the  relatively  slow  cooling  of  the  sun  and  of 
the  earth.  It  would  appear  from  fossil  remains  that  life  has  existed 
on  the  earth  so  many  million  years  that  it  should  be  cooler  than 
it  is.  But  from  considerations  based  upon  the  decomposition 
of  elements  not  only  is  it  rendered  probable  that  this  source  of 
heat  accounts  for  the  discrepancy  but  we  are  transferred  to  the 
other  horn  of  the  dilemma  and  are  confronted  with  calculations 
which  would  lead  to  the  conclusion  that  the  world  should  be^ 
growing  warmer.  For  details  of  the  properties  of  the  radioactivel 
elements  as  known  up  to  1911,  see  Soddy,  "Chemistry  of  the 
Radio  Active  Elements/'  Longmans,  Green  &  Co. 
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Theory  of  Atomic  Structure,  —  Based  on  considerations  de- 
rived from  the  electron  hypothesis  and  radioactive  phenomena, 
J.  J,  Thompson  has  reached  the  conclusion  that  atoms  are  con- 
centric rings  of  negatively  charged  electrons  revolving  about  * 
central  positive  charge  of  electricity.  The  atom  may  thus  be 
compared  to  a  planetary  system.  The  stable  atoms  are  in  equi- 
librium while  the  large  systems  represented  by  the  elements  of 
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e  eleventh  series  are  in  unstable  equilibrium.  This  conception 
involves  the  acceptance  of  the  electron  as  the  primordial  form 
of  matter  and  involves  the  possibility  of  deGomposition  of  the 
atoms  of  the  more  stable  elements,  provided  only  a  sufficient 
ncentration  of  energy  can4)e  brought  to  bear  upon  them.  Ram- 
y  considered  that  this  can  be  done^  and  is  dooe,  by  the  action 
of  radioactive  substances  upon  other  elements.  It  is  to  be  re- 
gretted that  experimental  data  sufficient  adequately  to  support 
this  hypothesis  is  not  yet  at  hand  but  its  lack  is  not  surprising 
and  for  it  we  must  await  the  accumulations  of  years  of  scientific 
research.  Meanwhile,  it  is  a  stimulating  and  imagination-gripping 
possibility. 

The  Life  Term  of  Elements^  —  In  the  series  of  products  of 

Ihe  disintegration  of  uranium  given  on  p.  582  the  estimates  based 
upon  the  **  half  period  "  of  the  products  give  the  following  life 
period. 


I 
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U 8,000,000,000  yeara 

Ux 35 . 5  days 

Uxt 1.65  minutes 

Ui 3,000,000  years 

lb ,  200,000  years 

Nt .  * . .  .     5.5  days 
Ra 2240  yeaxE 


RaA 4,3  nainutas 

HaB 38.5  minutes 

RaC 28.1  minutes 

RaCi lO'^aeconda 

RsD 24yearo 

BikE 7.2dayi 

BaF..^.,.  196day» 
Pb. unknown 


bese  figures  are,  of  course,  only  approximate  and  will  be  changed 
more  accurate  data  appear.  They  do,  however,  furnish  data 
for  many  interesting  speculations  and  conclusions.  For  example, 
furgusonite,  a  uranium  mineral^  contains  enclosed  helium  in  the 
ratio  of  26  cc.  per  gram  of  uranium.  On  the  basis  of  the  rate 
of  decomposition  of  uranium  it  is  calculated  that  the  age  of  the 
minerai  is  about  416  million  years. 


Exercises,  —  1.  Carefully  select  the  statements  in  this  chapter 
and  classify  them  under  the  heads:  (I)  Fact;  (2)  Probable  faet; 
(3)  Hypothesis. 

2.  Outline  just  how  you  would  proceed  to  isolate  radioactive 
material  from  a  mineral. 

3.  How  would  you  undertake  to  determine  the  existence  of 
a,  /3f  and  y  rays  in  a  given  radioactive  material? 
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The  sole  known  representative  of  sub-group  A  of  Group  V7I  is 
manganese,  though  by  all  the  indications  of  the  periodic  system  three 
remain  to  be  discovered  (c/.  p,  207,  also  p*  629,  Chapter  XXXVI).  Jj 
Manganese  occurs  rather  abundantly  in  a  large  variety  of  compauods,  ■ 
The  chief  of  these  are  pyrolusite,   MnOi,   hausmannite,   MdjOi.    ■ 
braunite,  MhjOs,  manganite,  MnOOH,  or  MniOi  •  HjO,  manganese 
blendet  MnS,  and  manganese  spar»  MnCOt.     It  is  also  frequently] 
a  **  displacing"  element  in  sihcious  rocks,  substituting  for  both  the| 
trivaleot  and  bivalent  elements*     Its  oxides  are  therefore  decom- 
position products  of  these  rocks  and  accumulations  fairly  rich  iaj 
manganese  are  known  as  wad.     Small  quantities  of  manganese  i 
found  in  the  ashes  of  plants.    Traces  of  it  also  produce  the  (m>Io 
of  many  colored  minerals  of  the  amethyst  type.     The  most  tmpor* 
tant  natural  compound  is  the  pyroluaite. 

History,  —  Manganese  compounds  have  been  long  used*    The 
Egyptians    apparently    used    them    for    decolorizing,    as   well   as 
coloring,    glass.     Its    compounds    were    first    distinguished    fromi 
those  of  iron  by  Potts  (1740),     Scheele's  investigations  led  Berg- 1 
man  to  a  realization  of  its  elementary  character,  though  it  appearij 
to  have  been  first  isolated  by  Gahn  in  1774. 

Preparation^  Froperties^  and  Uses*  —  The  element  may  bai 
prepared  from  its  oxide  by  reduction  with  carbon  or  by  meaai] 
of  magnesium  or  zinc.  It  is  quite  reachly  prepared,  and  moibj 
easily  by  the  Goldschmidt  process.  Not  much  is  prepared  inj 
the  pure  condition  but  enormous  quantities  are  prepared  by  th«j 
smelting  of  mixed  iron  and  manganese  ores  in  the  form  Dfj 
spiegeleisen  (q.v,)  and  ferromanganese.  The  pure  element  is] 
typically  metallic  in  character;  it  is  brittle,  hard,  and  heavy  (sp.gr- f 
7.2).  Its  melting  point  is  1245"^.  It  is  dissolved  readily  by  acids  1 
with  evolution  of  hydrogen,     It  decomposes  steam  at  red  beitj 
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leated  in  the  air  it  oxidizes  readily.  It  also  unites  readily  with 
nitrogen  at  high  temperatures,  forming  a  nitride.  The  element 
forms  six  series  of  compounds  corresponding  to  all  the  possible 
valencies  of  the  seventh  group  except  the  lowest  (cf.  p.  207),  As 
le  bivalent  element  it  is  a  base-forming  factor  but  with  increas- 
ig  valency  acid  properties  appear  and  the  heptoxide  with  water 
jforms  the  extremely  strong  permanganic  acid.  It  finds  use  only 
an  alloy. 

Allays.  —  Ferromanganese  (70-80  per  cent  Mn)  and  spiegeleisen 
(5-15  per  cent  Mn)  are  used  in  the  manufacture  of  bessemer 
steel  (g.v.)  and  also  for  the  manufacture  of  manganese  steel*  The 
latter  contains  varying  percentages  of  manganese  according  to 
the  purpose  for  which  it  is  used.  It  finds  special  application 
in  "  burglar  proof '  ■  safes,  for  ships'  shafting  and  propellers^  and 
for  rock-crushing  machinery.  Manganin  (Cu  84  per  cent,  Mn  12 
per  cent,  Ni  4  per  cent)  and  similar  alloys  are  used  for  resistance  wires 
in  electrical  instrumeots.  The  Heusler  alloys  are  a  very  remark- 
able set  of  alloys  which  are  essentially  copper,  m&nganesei  and 
aluminium^  and  are  nearly  as  magnetic  as  iron  itself. 


fc 
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Manganous  Compounds,  —  The  series  of  salts  in  which  man* 
nese  is  bivalent  may  be  prepared  either  by  dissolving  the  metal 

acids  or  by  reducing  the  compounds  of  higher  valence  in  acid 
solution.  The  hydroxide^  Mn(OH)i^  is  precipitated  from  man- 
gimous  salts  as  a  white  amorphous  substance,  turning  brown 
quickly  by  reason  of  oxidation.  It  is  soluble  in  the  presence 
of  ammonium  salts  for  the  same  reason  that  magnesium  hydroxide 
is  (f/,  p.  471).  The  same  statement  also  applies  to  the  carbonate. 
The  sulfide  is  insoluble  in  water  but  is  soluble  in  dilute  acids 
which  fact  places  manganese  in  the  third  analytical  group  (p.  396)* 

The  manganous  salts  are  all  pink  in  color  under  usual  con- 
ditions. They  are  not  very  stable  but  oxidize  less  readily  than 
the  **  ous  "  salts  of  chromium  or  iron.  In  the  presence  of  powerful 
oxidising  agents  they  are  converted  to  permanganic  acid  (q.t.)^ 
The  sulfate,  MnSOi  •  7H,0,  is  a  vitriol,  while  MnS04  •  HiO  is  not. 

Manganic  Compounds.  —  The  best  representative  of  this  class 
of  manganese  compouods  is  Mn(OH)i  formed  by  oxidation  by 
the  BIT  of  ammoniacal  solutions  of  manganous  salts.  The  cor- 
responding salts   are  unstable*     An   oxide,  Mni04,  hauamannite. 
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occurs  in  nature  and  is  also  formed  by  heating  to  redness  the 
dioxide,  or  indeed  when  any  oxide  of  manganese  is  strongly  heated 
in  the  air.  It  is  apparently  a  spinel  and  is  a  manganese  mAn- 
ganite  derived  from  Mn(OH)i  by  loss  of  one  molecule  of  water, 
Mn(OH)i  -  H|0  — ►  MnOOH^  this  by  reaction  with  msmg&nese 
hydroxide  gives,  2HMnOj  +  Mn(OH)a  -^  2HtO  +  Mn(MnO,)t,  or, 
Mnt04  {qf,  p.  523,  spinel,  p.  557,  red  lead,  and  p.  605,  magnetite). 

Tetravalent  mangajiese  compounds  find  their  best  represent- 
ative in  the  dioxide,  MnOi*  This  is  the  natural  compound  pyro- 
lusite.  It  is  most  readily  prepared  by  gentle  ignition  of  manganoua 
nitrate.  Its  hydrated  forms  are  prepared  by  oxidation  of  man- 
ganous  salts  by  basic  oxidizing  agents,  e.g.,  sodium  hypochlorite, 
or  by  reduction  of  permanganates  in  alkaline  solution  (c/,  p,  590) » 
The  mineral  is  used  as  an  oxidizing  agent  (c/.  p.  116,  chlorine), 
and  in  glass  manufacture  to  compensate  the  green  produced  in 
glass  by  the  presence  of  ferrous  silicate.  It  is  also  used  in  black 
paints  as  a  "  dryer,*'  i.e.,  to  oxidize,  and  hence  harden,  the  oil* 
Its  hydrated  form,  Mn(0H)4,  might  be  expected  to  precipitate 
from  alkaline  solutions  but  this  does  not  occur.  Instead,  hydrates 
possessing  fewer  hydroxyl  groups  are  produced.  Salts  correspond- 
ing to  these  hydrates  are  formed^  €.g.,  with  lime,  CaMntOi  (^.™ 
p.  116).     These  are  known  as  manganites.  ■ 

The  structure  of  the  dioxide  is  apparently  Mnf^    ,  since  with 

acids  oxygen,  and  not  hydrogen  peroxide,  is  produced.     It  is  con- 

/O 
ceivable  that  the  isomeric  form  Mn^   I    might  exist.     PentaTftleat 

^0 
manganese  compounds,  like  univalent  ones,  are  not  certainly  knowiL 
Hexavalent  compounds  find  their  best  representatives  in  the 
salts  of  manganic  acid,  UfMnOi.  The  anhydride  is  not  certainlj 
known  but  is  reported  as  a  red  unstable  powder.  The  acid  is 
also  not  known  in  the  pure  condition  but  when  compounds  of 
manganese  are  fused  with  sodium  carbonate  the  following  reac- 
tions are  beUeved  to  take  place,  e,^., 

MnOi  +  0  -►  MnOt, 
MnO,  +  Na,CO,  -*  NajMnO*  +  CO,. 

The  manganates  are  intensely  green  compounds  and  the  aolubto 
aalts  ^ve  green  solutions.  These  m&nganates  are  vory  unstabk  ii< 
solution  and  when  placed  in  dilute  solution  or  wh<^  an  add  ii 
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added  a  reaction  takes  place  which  is  remmiecent  of  the  behavior 
of  hot  hypochlorites  and  hypobromites  though  not  exactly  analo- 
gous.    This  reaction  may  be  formulated: 

SMjMnOi  -f  6HNO1  -^  6MN0,  +  SHiMnOi, 

SHiMnOi  -^  2HMn04  +  MnO,  +  2H,0. 

If,  then,  we  accept  .  Mn^      as  the  probable  structure  of  the 

svaaescent  manganic  acid,  analogous  to  sulfuric  acid,  and  for  the 
Bnnanganic  acid  H  — 0  — Mn==0,  we  see  that  we  have  a  case  of 

aimuItaneouB  auto  oxidation  and  reduction  with  a  change  of  valence 
of  one  atom  of  manganese  from  six  to  four  and  of  two  from  six  to 
seven.  The  change  from  the  green  manganates  to  pink  permanga- 
nate may  be  followed  by  placing  some  of  the  powdered  fused  green 
mass  in  a  tall  cylinder  full  of  water.  The  fused  mass  is  sometimes 
called  the  chameleon  mineral.  The  reaction  may  in  this  case  be 
formulated : 

SKjMnOi  +  2H,0  -*  4K0H  +  2KMnOi  +  MnO». 

If  we  consider  manganic  acid  as  an  analogue  of  sulfuric  acid  we 
must  observe  that  it  is  much  weaker,  as  well  as  less  stable,  since 
water  hydrolyzes  its  salts  markedly. 

Heptavalent  manganese  compounds  find  their  best  repr^ent- 
ative  in  potassium  permanganate,  KMnO<.  This  compound  is 
formed  as  above  described  and  may  also  be  prepared  by  passing 
ozone  into  the  manganate  solution,  thus  avoiding  loss  of  manga- 
nese as  the  dioxide, 

2KsMnOi  +  Oi  +  H»0  -►  2KMnOi  +  2K0H  +  O,. 

The  permanganate  may  be  obtained  from  the  aqueous  solution 
by  crystallization.  The  acid  corresponding  to  this  salt,  HMnOi, 
is  a  very  strong  acid  (p.  175),  but  is  also  unstable  so  that  it  is  with 
difficulty  prepared  in  the  pure  state.  It  may,  however,  be  prepared 
by  adding  dilute  sulfuric  acid  to  a  concentrated  solution  of  barium 
permanganate  and,  after  filtration,  allowing  the  solution  to  evap- 
orate spontaneously.  It  is  obtained  in  the  form  of  red  crystals, 
HMnO*  'xHjO.  Dilute  solutions  of  the  acid  are  prepared  by  the 
action  of  powerful  oxidizing  agents  upon  manganate  compounds, 
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e,g,p  with  lead  peroxide  and  sulfuric  acid  we  have2MnOi  +  3PbOi  + 

SHiSOi  -^  2HMn04  +  SPbSOi  +  2H,0. 
(C/.  Qualitative  analysis.)     Morse  and 
Olsen  (Am.  Chem.  Journal,  Vol.  23,  p. 
431)  obtained  concentrated  solutions  by  ^ 
electrolyzing    a   solution   of   potassium  ■ 
permanganate  in  porous  cups  as  indi- 
cated   in    Fig.    127,     The    special   in- 
terest attaching  to  this  process  is  that 
while  the  MnO^'  ion  travels  into  the  ^ 
anode  cup  and  the  K°  ion  out  of  it,  ■ 
water  also  goes  out  {cf,  p.  511),  and  the     ' 
acid   is   simultaneously    produced    aud 
concentrated.      The    permanganate    in 
the  solid  form  if  treated  with  concen- 
trated sulfuric  acid  gives  an  oily  liquid, 
probably    MnaO:;   2KMn04+ HtS0^- 
K3SO4  +  H^O  +  MnjO?.      It  is   a  very 
sensitive,  highly  explosive  compound.     It  is  also  a  very  powerful 
oxidizing  agent. 

Potassium  permanganate  is  itself  an  extremely  powerful  and 
very  useful  oxidizing  agent,  and  may  be  used  in  either  acid,  neutral 
or  alkaline  solutions*  The  degree  of  reduction  is  different  in  acid 
from  that  in  neutral  or  alkaline  solutions  since  in  the  former  mao- 
ganoua  salts,  Mn****,  are  produced  and  in  the  latter  manganese  dioxide 
is  formed.  The  acid  behavior  may  be  formulated,  2KMn04  + 
3HtS0i  -►  KjSO*  +  2MnS0i  +  SHjO  +  [SO],  and  this  oxygen  is  then 
available  for  oxidation  of  whatever  reducing  material  is  present 
The  reaction  proceeds  ver>^  slowly  if  no  withdrawal  of  the  oxygen 
takes  place,  but  more  rapidly  in  the  light  than  in  the  dark. 
If  in  neutral  or  alkaline  solution  we  have: 

2KMn04  +  H,0  -^  2K0H  +  MnO,  -f  [301. 

This  type  of  reaction  is  encountered  when  the  permanganate  i« 
exposed  to  the  air  or  when  it  acts  upon  the  skin  or  clothing*  The 
curious  case  of  the  simultaneous  reduction  of  each  other  by  oxidii* 
ing  agents  may  now  be  recalled  with  profit  {cf.  p.  92), 

It  will  be  observed  that  manganese  is  of  somewhat  protean  J 
chemical  character  and  it  may  aid  one  to  recognize  this  if  we  sa/j 
that  as  a  free  element  it  is  a  metal  of  the  type  of  iron,  as  a  bivalent ' 

it  behaves  in  a  general  way  like  magnesium,  as  a  trivalent  ion  j 
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it  is  similar  to  aluminium,  chromium  (Cr^^),  and  iron  (Fe^^^).  As 
a  tetravalent  element  it  is  similar  to  lead,  as  hexavalent,  to  sulfur 
in  the  same  valence,  and  in  the  highest  valence  only  does  it  show 
its  character  as  a  member  of  the  seventh  group. 

Exmrdses.  —  1.  What  is  meant  by  the  term  ''  available  oxygen  '* 
as  applied  to  potassium  permanganate  and  potassium  dichromate^ 
and  how  is  it  made  available? 

2.  Outline  the  facts  which  lead  to  the  assumption  of  the  struc- 
ture of  permanganates. 

3.  Calculate  the  weight  of  potassium  permanganate  needed  to 
make  a  normal  solution  when  used  (a)  in  acid  solution,  (6)  in  al- 
kaline solution. 

4.  Write  the  equations  for  the  reactions  between  potassium 
permanganate  in  sulfuric  acid  solution  and  (a)  calcium  oxalate, 
(b)  sulfurous  acid,  (e)  ferrous  sulfate. 

5.  If  required  to  prepare  all  the  oxides  of  manganese  explain 
in  detail  the  steps  for  each. 

6.  Given  a  solution  of  potassium  permanganate  how  would 
you  undertake  to  obtain,  (a)  oxygen,  (6)  chlorine,  (c)  manganese 
dioxide,  (d)  manganese  sulfate?    Formulate  the  equations. 
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Thebe  are  three  sub-groups  in  group' VTII.    E^h  fonns'one 
of  Dobereiner's  triads  (p.  205).     Each  sub-group  presents  a  set 
of  three  elements  with  closely  related  properties  and  with  atomic 
weights  which  are  much  nearer  the  same  values  than  successive 
elements  usually  show.     All  the  members  are  true  metals  when  _ 
non-valent  and  all  show  an  approach  toward  a  maximum  valences 
of  eight  in  their  oxygen  compounds,  though  stable  octavalent  com-^ 
pounds  only  are  obtainable  with  ruthenium  and  osmium. 

The  first  sub-group  (Fe,  Ni,  Ck>)  belongs  to  series  3  (p.  207) 
and  are  common  elements.  The  second  sub-group  (Ru,  Rh,  Pd) 
are  very  rare  elements  and  have  relatively  small  technical  value- 
The  third  (Os,  Ir,  Pt),  while  rare  elements,  are  more  extensively 
used  in  various  ways.  Since  iron  is  so  important  that  the  pr^ent 
is  sometimes  referred  to  as  the  "  iron  age  *'  its  chemistry  and  its 
technology  are  vastly  important  and  it  will  be  considered  in  some 
detail    The  other  elements  are  treated  more  briefly* 

IBON  ^ 

Occurrence,  —  Iron  is  the  fourth  element  in  order  of  quantity 
found  in  the  earth^s  lithosphere.  It  is  found  native,  occasionally 
in  large  masses  and  more  frequently  in  small  quantities  disaemi* 
nated  through  basaltic  rocks.  Meteorites  are  frequently  nearly 
pure  iron  alloyed  with  certain  other  metals,  such  as  nickel,  cobalt, 
and  copper.  The  chief  ores  of  iron  are  siderit6|  FeCOa,  hematite, 
F€»0»,  magnetitet  FeiOi,  and  Umonite,  Fe(OH)i,  Siderite  is  not 
imfrequently  mixed  with  bands  of  clay  or  coal  and  is  then  knowa^ 
as  "  ironstone  "  and  **  black  band  ore."  Hematite  is  found  in| 
amorphous  form  aa  a  soft  earthy  deposit,  in  hard  massive  form» 
and  in  black  crystalline  leaflets.  The  last  is  known  as  **  specular 
iron"  or  as  ** micaceous  hematite.'*  Since  the  relation  between 
limonite  and  hematite  is  that  of  the  hydroxide  and  its  dehydrated 
form  it  is  not  surprising  that  there  are  several  intermediate  mitt* 
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erals,  such  as  goethite,  FeOOH.  Magnetite  is  frequently  magnet- 
ized as  fouDd  in  nature  and  is  the  anciently  known  **lodestone/^ 
The  quantity  of  these  ores  which  is  mined  annually  is  stupen- 
dous. In  the  United  States  alone  in  1917  75,500,000  tons  were 
used*  This  gives  only  a  faint  notion  of  the  place  iron  occupies 
in  our  industrial  system.  In  spite  of  this  enormous  output  of 
or^  they  are  not  the  most  common  compounds  of  iron.  The 
iron  pyrite,  FeSj,  is,  at  least  in  pure  mineral  form,  the  most  abun- 
dant natural  form  of  the  element.  It  is  not  used  aa  an  ore.  It 
occurs  in  two  forms:  the  yellow  variety,  known  as  '*  fooFs  gold/* 
and  as  marcaske.  Iron  is  also  widely  distributed  in  the  form 
of  the  more  or  less  completely  hydrated  oxide  in  soils,  which  owe 
their  colors  to  its  presence.  Iron  is  also  a  frequent  constituent 
of  both  stratified  and  igneous  rocks.  The  modes  of  formation 
of  the  great  deposits  of  iron  ore  form  one  of  the  very  interesting 
cJiapters  of  Geology  {vide  he  Coote's  Geology),  Iron  is  a  con- 
stituent of  many  plant  tissues  and  is  also  a  constituent  of  animal 
tissue  as  well  as  of  the  blood  of  all  '^  red  blooded  "  animals. 


^  History*  —  To  write  a  complete  history  of  iron  were  almost  to 
write  a  history  of  the  development  of  our  race.  It  is  not  without 
reason  that  this  is  called  the  iron  age  and  the  importance  of  iron 
is  not  less  even  though  we  are  emerged  into  what  the  future  may 
call  the  "  electrical  age." 

As  far  back  as  authentic  history  goes  man  was  familiar  with 
iron  as  a  material  for  weapons  of  war  and  of  the  chase.  At  least 
5000  years  ago  iron  implements  were  used  by  the  Egyptians.  The 
myths  of  ancient  times  assign  the  knowledge  of  the  use  of  iron 
as  a  gift  of  the  gods.  The  mention  of  Tubal  Cain  (Genesis  4r  22) 
as  an  artificer  in  brass  and  iron  indicates  the  remoteness  of  the 
discovery  of  iron  even  in  the  time  of  Moses.  The  alchemists 
also  were  accustomed  to  refer  to  Tubal  Cain  as  the  originator 
of  their  art.  The  alchemistic  symbol  for  iron  was,  appropriately 
enough,  the  sign  of  the  shield  and  spear  of  Mars,  ^ ,  which  was 
also  the  astrological  sign  of  the  planet.  The  Latin  name  for 
iron,  ferrum,  gives  us  our  symbol,  Fe,  and  the  terms  ferrous  and 
ferric  as  used  for  iron  salts.  The  name  iron  appears  to  be  of 
Scandinavian  origin.  Iron  as  originally  used  was  probably 
meteoric,  but  the  earliest  source  of  manufactured  iron  appears 
to  have  been  India.  The  Hindus  apparently  use  the  same  smelt- 
methods  today  which  they  UBed  centuries  since.     Furnaces 


for  iroD  are  meotioned  by  Maaes  (Deut.  4:  20)  and  appear  tx) 
have  been  used  in  Spain  centuriea  before  the  Roman  conquest 
of  the  world-  Modern  smelting  began  in  England  about  1500  A.D,, 
but  the  production  was  limited  by  the  necessity  of  using  charcoal 
as  a  fuel,  The  opening  of  the  really  modern  era  of  progress  dates 
from  1713  with  the  introduction  of  coke  as  a  fuel.  In  1828,  Neilson 
introduced  in  Scotland  the  use  of  the  hot  blast  which  was  a  very 

important  forward  step. 
In  1856  Bessemer  invented 
the  process  which  bears 
his  name  {vide  infra)  and 
which  has  had  tremendous 
influence  in  modern  de- 
velopment and  on  political 
history. 


Preparation.  — The  * 

story  of  the  various  methods 
used  in  the  past  for  pre- 
paring iron  and  of  those 
used  at  present  by  various 
peoples  is  too  complicated 
to  be  presented  here,  but 
makes  intensely  interesting 
reading.  (See  Manufacture 
of  Iron  and  Steel  in  All 
Ages:  Swank.)  The  modem 
method  with  its  tremendous 
output  and  vast  machinery 
is  alone  too  much  for  our 
present  purpose.  The  at- 
tempt will  be  made  only 
to  outline  the  plan  ct 
operations. 

Iron  is  smelted  in  a 
furnace  the  size  of  which  may  be  as  great  as  one  hundred  or  more 
feet  in  height  and  35  to  40  feet  in  diameter  and  capable  of  pro- 
ducing upwards  of  a  thousand  tons  of  iron  daily.  The  construction 
of  the  furnace  is  indicated  in  the  hgure  (Fig*  128). 

Iron  ore  usually  contains  as  gangue  more  or  less  silicious  ma- 
terial  and  with  it  is  charged  into  the  furnace  a  sufficient  quantity 
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of  lunestone  to  form  a  fusible  mass,  called  a  "slag,"  which  not  only 
permits  the  removal  of  the  gangue  in  liquid  form  but  assists  the 
process  of  smelting.  With  the 
ore  and  limestone  are  added 
sufficient  coke  to  effect  the  re- 
duction of  the  ore  and  the  fusion 
of  the  slag  and  iron.  These  are 
the  raw  materials  entering  at 
the  top  of  the  furnace.  At  the 
bottom  is  introduced  air  which 
has  been  preheated  to  llOO"^  by 
passage  through  *'  stoves  "  filled 
with  checker  work  of  tile  and 
heated  by  the  waste  gas  of  the 
furnace.     (See  Fig.  129.) 

In  the  furnace  a  rather  com- 
plex series  of  changes  take  place» 
but  essentially  it  may  be  repre- 
sented by  the  equation :  3C  + 
FetO,  -^  2Fe  +  3C0.  The  re- 
duction of  the  iron  takes  place 
in  the  upper  part  of  the  furnace 
and  is  of  course  accompanied  by 
the  formation  of  some  carbon 
dioxide.  In  the  lower  portion 
of  the^fumace  water*  from  the  atmosphere  is  decomposed  by  the 
hot  iron  and  carbon,  and  some  hydrogen  is  liberated.  Also 
aome  cyanogen  (CN)3  and  hydrocarbons  are  formed  so  that  the 
gas,  as  it  issues  from  the  top  of  the  furnace,  contains  in  addition 
to  nitrogen  (58  per  cent)  and  carbon  monoxide  (about  25  per  cent), 
alao  carbon  dioxide  (10  per  cent),  hydrogen  (4.5  per  cent),  and  other 
(2  per  cent). 

This  gas  is  freed  from  dust  and  from  most  of  the  carbon  dioxide, 
and  is  used  as  a  fuel  to  run  the  furnace  machinery  and  for  many 
purpoeee  about  the  plant,  as  well  as  to  preheat  the  air.  The  iron 
as  it  passes  down  through  the  furnaee  is  melted  and  in  doing  so 
absorbs  a  considerable  amount  of  carbon  and  almost  all  of  the 
phosphorus  and  sulfur  present  in  the  raw  materials  used.     At  the 

•  In  mmi  modern  furnaoee  the  Gayley  dry  air  blast  s^'Htetn  (1904)  \b  em- 
ployed. It  10  s&id  to  effect  a  sairing  of  about  a  doU&r  a  too  in  fuel  Biooe  the  di»- 
oomposttion  of  water  abeorba  heat  {cf.  water  g»fl,  p.  349). 
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Bame  time  with  the  iron  some  silicon  is  reduced,  from  the 
present,  and  alloys  with  the  iron.  The  molten  iron  as  drawn  bfm 
the  furnace  is  either  at  once  conveyed  to  the  proper  place  for  utilijip 
tioo  in  the  manufacture  of  iron  and  steel  products  or  is  cast  iotff 
molds.  The  crude  iron  so  produced  is  known  as  cast  iron  or  **  pif 
iron,"  The  composition  of  the  pig  iron  varies  somewhat  with  tk 
raw  materials  used,  hut  the  following  is  a  typical  analysis:  Car- 
bon 2J7  per  cent,  silicon  1.84  per  cent,  titanium  0,074  per  ccitf, 
phosphorus  0*189  per  cent,  sulfur  0.035  per  cent,  nmngaDoe 
0,744   per  cent.    The  carbon  is  usually  present    chiefly  in  U» 
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form  of  graphite.  The  slag  produced  by  using  the  gangue  of  Al 
ore  with  added  flux  is  essentially  a  low-grade  glass.  It  is  aboal 
55  per  cent  silica,  30  per  cent  lime  and  15  per  cent  alumina.  Ita 
composition  of  course  varies  greatly.  Slag  is  used  for  a  variely  d 
purposes,  such  as  road  metal,  ballast,  cement,  etc.  A  diagnm,, 
taken  from  Benson's  Industrie  Chemistry,  illustrates  the  reUtio 
of  the  raw  materials  and  output  of  the  furnace  (Fig.  130). 

Hejining  of  Iron,  —  The  product  of  the  iron  furnace,  east! 
finds  many  uses  just  as  produced  but  the  greater  part  is  com 
into  a  huge  variety  of  products  which  may  be  roughly  daflfied  i 
malleable  iron,  soft  steel,  hard  steel. 

Malleable  iron  or  wrought  iron  is,  as  the  name  indicatefl,  eap 
of  being  readily  worked.     For  this  purpose  it  is  neceaaary  to  i 
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le  silicon,  carboDi  phofiphonis  and  sulfur  so  far  as  such  removal  is 
sible.     The  most  extensively  used  method  is  known  as  pud- 
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mg.  The  pig  iron  is  placed  in  a  reverberatory  furnace  (Pig.  131), 
ilong  with  "  hammer  scale/'  FeiO*,  or  other  oxide  of  iron,  and 
melted.     It  is  stirred  thoroughly  in  order  to  bring  all  portions  in 

I  contact  with  the  oxidizing  flame  playing  on  the  surface.     The 
temperature  is  maintained  at  such  a  point  that  when  the  impurities, 
Bo  far  as  practicable,  are  burned  out,  the  iron  solidifies  to  a  pasty 
mass  which  is  then  '*  balled 
up  "  and  while  hot  rolled 
into  the  desired  bar  form. 
Such  iron  is  not  wholly 
pure  but  it  must  not  con- 
tain more  than  0,1  to  0.2 
Kper     cent     carbon.       If 
^wrought     iron     contains 
more    than    a    trace    of 
H  phosphorus  it    is    ''  cold 
^  short,"  i.e.,  is  brittle  un- 
der   the    hammer    when 
cold.      If    more    than    a 
trace  of  sulfur  is  present 
it  is  '*hot  short," 

Soft  steels  are  such  as 
contain  a  low  percentage 
of  carbon  and  traces  of 
other  impurities.  A  iyp- 
ical  analysis  is,  carbon 
0.45  per  cent,  silicon 
0.087  per  cent,  phosphorus  0.102 
cent,   manganese    0.916    per    cent. 
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proceBs  in  use  known  as  the  Bessemer  and  tbe  open  hearth  proc- 
esses. The  principle  employed  in  the  Beseemer  process,  invented 
in  1856  by  Henry  Bessemer,  is  to  place  the  iron  in  the  molten 
condition  in  a  converter,  Fig.  132,  and  by  means  of  a  blast  of  air 
burn  out  the  foreign  particles  and  convert  them  into  a  fusible 
floating  slag.  The  passage  of  air  is  stopped  as  soon  as  this  is  ac- 
complished and,  to  remove  traces  of  oxide  so  formed,  "  spiegel* 
eisen/^  an  alloy  of  manganese  and  iron  is  added.  (Chap,  XXXIV,) 
The  manganese  present  reduces  the  traces  of  iron  oxide  and  any 
excess  manganese  remains  in  the  steel. 
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The  open  hearth  furnaces  are  called  **  acid "  if  lined  witii 
silicious  material  and  **  basic  "  if  lined  with  bricks  made  esaen- 
tially  of  burned  dolomite  (p.  450).  In  both  these  processes  the 
melted  metal  m  heated  for  a  considerable  length  of  time  in  a  fur- 
nace of  the  type  shown  (Fig,  133),  The  oxidation  of  the  im- 
purities is  by  hot  air  heated  by  regenerative  flues,  %,€.,  flues  heated 
by  the  escaping  gases.  The  final  stage  is  the  addition  of  man- 
ganese iron  alloy  as  in  the  Bessemer  method.  The  purpose  of 
the  basic  lining  is  to  absorb  the  phosphoric  pentoxide  formed 
by  oxidation.  In  such  case  crude  iron  high  in  phosphorus  may 
be  used  while  in  the  acid  process  only  low  phosphorus  iron  may 
be  used.  This  is  not  the  proper  place  to  discusd  the  various 
advantages  of  the  different  t3rp6s  of  furnacCi  but  it  is  sufficient 
to  remark  that  both,  as  well  as  many  modifications,  find  use. 

Hard  steels  are  of  many  kinds,  but  may  be  roughly  divided 
into  two  groups,  first,  those  in  which  hardness  is  due  to  combined 
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earbon  and,  second,  those  in  which  other  metals  confer  desired j 
properties  on  the  product.    Three  methods  of  operation  are  iiil 
use,  the  cementation  procesSi  the  crucible  process,  and  the  open 
hearth  method. 

In  the  oldest,  or  cementation  process,  the  principle  employed 
is  to  heat  the  wrought  iron,  not  to  the  melting  point*  with  carbon, 
usually  charcoal.  The  iron  gradually  absorbs  the  earlxjn  and 
when  the  desired  amount  is  absorbed  the  process  is  stopped.  The 
temperature  maintained  is  about  1000°  and  the  time  required 
IB  from  8  to  11  days.  The  steel  as  it  comes  from  the  fumacoj 
is  known  as  blister  steel  and  after  sorting  is  heated  and  rolled ' 
or  hammered  into  bars  of  suitable  size.  It  may  be  melted  and 
cast  into  ingots.  In  the  crucible  steel  method,  wrought  iron  and 
carbon  are  heated  in  crucibles  of  graphite  and  clay.  The  molteD 
iron  absorbs  the  carbon  and  the  whole  operation  takes  about 
four  hours.  This  method  is  also  used  for  making  special  steela, 
by  adding  small  quantities  of  other  metals  such  as  nickel,  man- 
ganese,  etc.  Electric  furnaces  are  rapidly  coming  into  use  for 
the  manufacture  of  special  steels  and  in  general  for  crucible  steel. 
High  carbon  steel  is  also  made  by  the  open  hearth  processes. 

Pure  iron,  it  will  be  observed,  is  not  made  by  any  of  the  proc- 
esses so  far  described.  Indeed,  pure  iron  is  not  known  commer- 
cially and  only  by  the  greatest  care  can  it  be  made,  by  electrolytic 
deposition,  free  from  carbon  and  from  other  metals.  Even  so 
made  it  apparently  contains  occluded  gases.  If  ferrous  oxalate 
be  heated  in  a  stream  of  hydrogen,  it  is  reduced  to  metaUic  iron 
and  if  as  low  a  temperature  as  possible  is  used  the  iron  will  take 
fire  on  exposure  to  the  air  (pyrophoric  iron). 

Properties .  —  Pure  iron  apparently  exists  in  at  least  three 
allotropic  modifications  known  as  a  ferrite,  fi  ferrit^,  and  y  ferrit 
the  transition  points  of  which  are  750^  and  860**.  The  changesl 
from  y  to  /3  and  from  0  to  a  are  both  accompanied  by  evolution 
of  heat.  The  same  statement  appUes  in  a  general  way  to  steely 
though  the  transition  points  both  lie  at  or  near  720**.  Wheitl 
steel  is  heated  white  hot  and  allowed  to  cool  it  glows  less  brightly 
as  it  cools,  until  at  about  700°  it  again  brightens  due  to  the  heat 
liberated  by  the  change  to  a  ferrite.  This  is  known  as  **  reca* 
lesence  "  of  steel.  Fig.  134  shows  the  heating  and  cooling  curved, 
as  given  by  Osmond. 

Iron  in  the  ordinary  form,  such  as  piano  wire  (9d*8  per  cent 


iron),  IB  a  lustrous  gray  metal.     It  softens  BuflSciently  for  welding 
at  about  1000°  but  does  not  melt  until  about  1550^,     Its  boili 
point  is  near  3000°  C.     Its  specific  gravity  is  7.84,     It  is  maH 
leable  and  ductile.     It  becomes  **  magnetic  "  when  in  the  field 
of  an  electric  current  or  in  contact  with  a  magnet.     It  is  no 
attacked  by  dry  oxygen  or  air,  but  in  moist  air  rapidly  rust 

As    ordinarily   encountered    it 
surface  is  protected  by  a 
of  magnetic  oxide,  FesOi,  formed] 
while  the  heated  iron  is  in  con 
tact  with  air.     The  rusting 
water  is  hastened  by  the  presenc 
of  acids  or  of  salts  of  acid 
action.     It  dissolves  readily  inj 
acids,  evolving  hydrogen  froc 
the  non-oxidizing  acids.    Heate 
with   oxidizing  acids,  salts  are 
formed  and  reduction  producta 
of  the  acids  are  evolved. 

If  iron  be  placed  in  strong 
nitric  add  it  fails  to   dissolve 
and  is  apparently   wholly   un- 
affected by  the  acid  (see  Paadii 
Metals  below).     When  iron 
used  as  the  anode  of  an  electr 
lytic  cell  it  dissolves  accoi 
to  Faraday's  law  (g.ti.),  if  the  current  density  is  not  too  grAi 
At  a  definite  current  density  in  oxygen  electrolytes,  its  surfac 
brightens  and  oxygen  is  evolved  and  no  further  solution  of  iron 
takes  place  (see  Passive  Metals  below). 

Iron  reacts  with  many  metals  to  form  alloys  and  forms  definite^ 
compounds  by  direct  addition  with  non-metals  such  as  carbon, 
sulfur^  phosphorus,  etc.     It  is  impossible  to  determine  the  bound-^ 
arj'  separating  the  two  classes  of  substances  and  both  will  b^H 
discussed  below  under  the  headings,  Cast  Iron  and  SteeL     Iron 
is  a  typical  metal  in  its  ordinary  behavior  and  forms  two  seriesj 
of  salts,  known  as  ferrous  and  ferric  salts,  in  which  it  is  bivalent 
and  trivalent  respectively.    These  salts  are  rather  readily  con-] 
verted  from  the  one  to  the  other  by  oxidizing  and  reducing  agent 
In  the  ferric  condition  iron  is  less  stron^y  basic  than  in  the  fe 
rous  form  and  most  ferric  compounds  are  hydrolyaed  in  watef' 
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giving  acid  reactions  with  indicators*  Under  special  conditions 
iron  can  be  induced  to  exhibit  a  valence  of  six  and  in  the^e  forms 
is  distinctly  acidic.  The  specific  heat  of  iron  is  0.116,  hence  by 
Dulong  and  Petit'.s  law  its  atomic  weight  should  be  approximately 
55,  By  analysis  of  its  oxides  and  from  the  composition  of  its 
volatile  compounds  the  exact  atomic  weight  is  deduced  as  55.85* 

PasBive  Meinls.  —  This  extremely  interesting  phase  of  the  be- 
havior of  metals  deserves  special  discussion  not  alone  because  of  its 
Btriking  character  but  because  so  frequently  erroneous  statements 
concerning  it  appear. 

When  metals  are  placed  in  acid  or  are  used  as  anodes  they 
divide  themselves  roughly  into  classes:  those  which  dissolve  and 
those  which  do  not.  (The  same  dividing  hne  does  not  however 
appear  in  the  two  caaes.)  The  metals  which  dissolve  in  acids  ■ 
are  sometimes  termed  base  metals  and  those  wliich  do  not  are  ^ 
termed  noble  metals.  When  base  metals  are  used  as  anodes  in 
electrolytic  celb  the  usual  behavior  is  that  they  gp  into  solution 
according  to  Faraday's  rule,  i.e.,  96^600  coulombs  of  electricity 
dissolve  one  gram  equivalent  of  the  metal.  Under  certain  circum- 
stances, however,  these  metals  fail  to  dissolve.  In  such  cases  we 
are  able  to  distinguish  two  types.  In  some  cases  metals  become 
covered  with  a  visible  coating  of  insoluble  material  and  are  thus  cut 
off  from  actual  contact  with  the  solvent.  This,  for  example,  occurs 
when  cobalt  is  used  as  an  anode  in  oxalic  acid  or  oxalate  solu- 
tions. Other  cases  occur  in  which  no  visible  evidence  of  any  coat- 
ing appears  but  the  metal  ceases,  wholly  or  partially,  to  dissolve. 
When  in  this  condition^  it  is  p>ossibIe  also  to  transfer  them  to  sol- 
vents ordinarily  capable  of  reacting  with  them  and  in  many  cases 
no  reaction  occurs.  This  condition  of  metals  is  referred  to  as  the 
passive  state.  The  phenomenon  was  first  observed  by  James  Keir 
ill  1790  in  the  case  of  iron  when  dipped  in  concentrated  nitric  acid. 
Since  that  time  numerous  investigations  have  been  directed  toward 
the  subject  and  a  considerable  number  of  explanations  advanced. 
The  explanation  which  seems  most  reasonable  is  a  combination  of 
the  suggestions  of  Le  Blanc  (1905)  and  of  Faraday  (1836):  that 
when  iron  is  dipped  in  nitric  acid  or  used  as  an  anode  in  oxygen- 
bearing  electrolytes,  it  becomes  coated  with  a  film  of  oxygen 
which  adheres  closely  to  the  surface  and  effectively  prevents  con- 
tact  with  solution.  The  reason  suggested  by  Le  Blanc  for  the 
jirecipitation  of  oxygen  when  the  metal  is  used  as  an  anode  is  the 


slow  rate  of  ionization  of  iron  which  when  BufBciently  heavy  elec- 
trical eurreuts  are  iised  is  not  able  to  supply  ions  to  carry  th<d 
current.  (See  Jour  Am.  Chem.  See,,  Vol.  30,  p.  1718,  1916,« 
In  nitric  acid,  dichromates  and  ehromates  and  in  alkaline  solutions, 
iron  therefore  cannot  rust  because  protected  by  a  film  of  oxygen. 
When  hot  solutions  are  used  the  protecting  film  is  not  always  formed. 
Other  metals  which  exhibit  passivity  are  nickel,  molybdenum, 
tungsten,  and  perhaps  others.  Contrary  to  the  usual  statements^ 
cobalt  shows  no  evidence  of  a  truly  passive  state.  fl 

Chromium  is  passive  in  another  sense  in  that  with  high  current 
densities  it  dissolves  apparently  in  the  bexavaleot  form,  instead  of 
as  ordinarily  as  a  trivalent  element. 

Cast  Iron  and  SteeL  —  When  iron  is  melted  in  contact  wit 
carbon,  as  in  the  smelting  process,  carbon  is  dissolved  to  vary! 
degrees,  the  maximum  being  about  4.5  per  cent.     Apparently  whei 
hot  the  carbon  forms  a  compound  with  the  iron,  but  when  cooli 
slowly,  as  when  molded  in  sand,  the  carbon  separates  out  as  graph' 
ite  and  the  cooled  metal  is  dark  gray  in  color*    If  cooled  suddenly 
as  when  poured  into  iron  molds,  the  carbon  remains  combined  with 
the  iron  probably  as  cementite,  FejC^  and  the  castings  are  whi 
Intermediate  between  the  varieties  is  **  mottled  pig."     The  high 
the  percentage  of  carbon  in   pig  iron   the  more  extensively  th^ 
graphite  separates  out.     The  pig  iron  also  contains,  as  has  beem^ 
mentioned,  var>ing  proportions  of  silicon,  sulfur,  phosphorus,  et^. 
The  solubility  of  carbon  in  iron  is  greatly  increased  if  mangaoesQ 

is  present  and  **spiegeleisen  " 
may  conta.in  as  high  as  7  per 
cent  carbon. 

Steel,  primarily^  is  iron  free 
from  impurities  except  carbon, 
which  gives  to  steel  its  su- 
perior hardness,  tensile  strength 
and  "  tempering  "  properties. 
**  Hard  "  steels  contain  0.5  to 
1.0  per  cent  carbon  and  *'  soft  ^ 
steels  from  0.5  to  0. 1  per  cent. 
Steel  containing  0.4  to  0.6  per  cent  carbon  is  frequently  called 
"  medium  '*  steel.  Both  steel  and  cast  iron  melt  at  tower  tem- 
peratures than  pure  iron  and  the  eutectic  mixttu^  appears  to  be 
that  containing  4.3  per  cent  carbon  which  melts  at  1130***  Figure 
135  represents  the  freezing  point  curve. 
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When  st^  is  melted  and  slowly  cooled  the  changes  which  ap- 
pear to  take  place  are  as  follows:  The  moIteD  steel  consista  of 
y  ferrite  with  carbon  in  solution  as  FejC.  As  it  cools,  at  or  before 
1130**  (see  curve),  it  solidifies  to  a  solid  solution  of  cementite  in  y 
ferrite.  On  slowly  cooling,  the  y  f errite  changes  after  SW  is  reached 
to  fi  ferrite  and  at  %1QP  or  below  q  ferrite  is  formed.  Untempered 
steel  may  be  considered  aa  a  ferrite  mixed  with  iron  carbide.  If 
steel  be  suddenly  cooled  (quenched)  the  carbide  has  no  oppor- 
tunity to  segregate  from  the  ferrite  and  remains  in  solid  solution. 
Also  the  speed  of  transformation  of  y  and  of  ^9  to  a  ferrite  is  reduced 
to  infinite  slowness.  The  result  is  varying  degrees  of  hardness 
and  brittleness  known  as  "temper/*  The  tempering  of  steel  is 
thus  an  illustration  of  the  law  of  transformation  by  steps  (p.  542). 
The  various  componenta  of  quenched  steel  may  be  distinguished 
upon  polished  surfaces  by  means  of  the  microscope,  and  micro- 
scopic examination  of  steel  is  becoming  of  increasing  importance  in 
technical  work-  Manganese^  nickel,  tungsten,  etc.,  greatly  retard 
the  transformation  of  y  ferrite  into  a  ferrite  and  are  consequently 
of  value  in  the  production  of  steels  of  great  hardness  and  posseesing 
other  qualities  desirable  for  special  uses.  The  above  explanation 
of  the  changes  undergone  in  cooling  steel  are  not  universally  ac- 
cepted by  steel  men  and  have  been  the  subject  of  very  heated 
ocwitroversy. 

l/s«#  of  Iron.  —  Pure  iron  is  not  used  commercially  and  is  too 
ioft  as  well  as  too  expensive  for  most  purposes.  Iron  containing 
carbon,  silicon,  or  other  impurities,  i.e.,  *'  pig  iron/'  may  be  used 
for  a  great  variety  of  purposes  when  its  brittleness  does  not  pre- 
clude its  use.  It  is  used  to  make  a  wide  range  of  casting9i  hence 
is  called  cast  iron.  It  is  at  times  desirable  to  harden  the  surface 
of  castings  where  wearing  quality  is  desired^  as  in  the  rims  of 
wheels,  the  moldboards  of  ploughs,  etc.  This  is  accomplished 
by  casting  in  metal  molds.  The  suddenly  chilled  metal  retains 
carbon  in  solution  and  also  probably  remains  largely  as  y  ferrite. 
The  most  extensive  use  of  pig  iron  is  of  course  in  the  manufacture 
of  wrought  iron  and  steel.  The  quantity  usually  produced  is 
prodigious,  being  in  1913  approximately  80  million  long  tons 
of  which  about  32  milUon  tons  are  accredited  to  the  United  States 
and  nearly  14  million  tons  to  one  corporation,  the  United  States 
Steel.  The  chief  countries  are  the  United  States,  Germany,  and 
England  in   the  order  named.     From   this  enormous  qu&ntityi 
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steels  of  all  grades  were  produced  in  the  same  year  to  the  amoun 
of  75  million  tons.     Wrought  iron  is  used  for  nails,  horseshoes,  plat- 
wire,  etc^  but  relatively  is  not  now  so  much  used  as  formerly  becau 
mild  steel  has  largely  taken  its  place  in  materials  where  flexibility! 
alone  is  required.     For  piano  wire  and  for  dynamo  and  other 
magnets  and  many  similar  purposes  wrought  iron  is  still  very  im- 
portant.     Mild  steel  is  now  used  for  sheet  iron,  in  a  bewildering 
variety  of  applications;  for  rails,  ship  construction,  structural  steel, 
etc.     Hard  steel  is  used  for  tools,  cutlery,  armor  plate,  guns,  an 
countless  other  ptirposes  for  which  it  is  adapted  by  reason  of  tb 
varying  degrees  of  tensile  strength,  hardness,  and  flexibility  which' 
may  be  provided  by  variation  of  the  carbon  content  and  the 
methods  of  treatment,  hardening,  annealing,  and  tempering. 

Special  steels  are,  as  the  name  indicates,  provided  to  meel 
certain  special  requirements:  as  tungsten  steel  for  tools  to  be  used' 
at   high    temperatures,   manganese   steel   for    '*  burglar    proof  '* 
safes,  etc. 

Compounds.  Halides.  —  Iron  forms  by  solution  in  hydrochlorii 
acid  ferrous  chloride,  FeCla,  and  hydrogen.  It  may  be  crystalline* 
as  a  nearly  white  solid,  FeCU  •  4HiO,  It  may  be  volatilized  in  anhy-j 
drous  form  and  then  appears  to  be  Fe^CU*  As  the  temperature! 
at  which  the  vapor  density  is  determined  is  raised,  the  molecular 
weight  decreases  until  it  corresponds  to  the  formula  FeCIi,  It 
oxidizes  readily  to  form  ferric  chloride  FeCU.  In  moist  air  & 
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Ferric  chloride  may  be  crystallized  out  of  solution  as  FeCU*  6HiO 
In  anhydrous  form  its  vapor  shows  a  molecular  weight  corre- 
sponding to  the  formula  Fe^CU.  It  is  reduced  readily  to  ferrous 
chloride  by  reducing  agents.  The  ready  reduction  of  ferric  to^ 
ferrous  salts  and  the  reversal  by  oxidation  is  common  to  all  irooH 
salts.  Ferric  chloride  is  highly  hydrolyzed  in  aqueous  solution 
and  is  hence  strongly  acid.  Both  ferrous  and  ferric  ions  are 
colorless  in  solution  but  due  to  hydrolysis  ferric  salts  are  highly 
colored,  probably  by  reason  of  colloidal  or  dissolved  ferric  h>** 
droxide.  The  truth  of  this  statement  is  indicated  by  the  increase 
of  color  when  solutions  are  heated  and  by  decrease  when  acid 
in  excess  is  added*  Of  the  other  halide  salts  the  only  one  of 
special  ^interest  is  the  iodide.  Ferric  iodide  decomposes  in  solu- 
tion giving  ferrous  iodide  and  iodine. 
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Oxides  and  Hydroxides.  —  Three  oxides  of  iron  are  usually 
catalogued  as  such,  viz,,  ferrous  oxide,  FeO,  magnetite,  FeaOi, 
and  ferric  oxide,  FeiOj.  There  are  derivatives  ako  of  an  oxide^ 
FeOj,  although  the  oxide  itself  is  unknown.  Ferrous  oxide  is 
oioet  readily  formed  by  reduction  of  carbon  dioxide  with  iron, 
Fe  +  CQj  — >  FeO  +  CO,  a  reaction  which  takes  place  in  the 
furnace.  It  is  also  formed  by  reduction  of  ferrie  oxide  by  hydro- 
gen if  the  reduction  is  accomplished  at  or  about  300*.  When 
expoeed  to  the  air  it  oxidizes  spontaneously  to  ferric  oxide  and 
in  finely  divided  form  glows  brightly  from  the  heat  produced* 
The  corresponding  hydroxide,  Fe(0H)2,  is  formed  by  precipi- 
tation of  ferrous  salts  by  bases.  It  is  white  if  no  free  oxygen 
has  access  to  the  solution.  In  presence  of  air  it  rapidly  oxidizes 
and  ultimately  passes  into  ferric  hydroxide.  Intermediate  be- 
tween the  two  hydroxides  there  may  be  prepared,  or  occur  in 
nature,  more  or  less  definite  compounds,  the  green  precipitate 
ordinarilj^  observed  being  approximately  Fe3(0II)!j.  Ferrous  hy- 
droxide does  not  react  with  bases  but  is  readily  soluble  in  acids. 
It  is  itself  soluble  to  an  appreciable  extent  and  its  precipitation 
by  ammonium  hydroxide  is  therefore  hindered  by  the  presence 
of  ammonium  salts  (see  magnesium  hydroxide).  Ferric  hydroxide 
is  on  the  contrary  an  extremely  insoluble  hydroxide  and  precipi- 
tates as  a  jelly-like  brown  mass.  When  dried  it  dehydrates  more 
or  less  completely  J  giving  hydrated  oxides  and  finally  the  oxide. 
These  derivatives  occur  in  many  forms  in  nature  as,  limonite, 
Fe(0H)3;  goethite,  FeOOH;  brown  ore.  Fc4(0H)fi0a;  bog  ore, 
Fe20(OH)4,  etc.,  and  as  a  completely  dehydrated  substance,  hem- 
atite, FcjOa.  Ferric  oxide,  FejOa,  may  also  be  made  by  calcin- 
ing the  salts.  In  such  soft  form  it  is  known  as  *'  rouge  "  and 
**  Venetian  red  *'  and  is  used  as  a  pigment  and  variously  otherwiae. 
The  hydroxide  is  not  readily  dissolved  by  bases  but  by  fusion 
with  basic  oxides  compounds  may  be  formed,  which  may  be  con- 

^O 
Bidered  to  be  derived  from  the   meta-acid,  i.e.,  from    Fe  ^        ' 

These  compounds  also  occur  in  nature^  as,  for  example,  frank- 
linite,    Zn(Fe02)2.     Magnetite   or   lodes  tone,    Fe^Oi,   is   probably 

^O 

Bueh  a  salt^  being  derived  from  Fe^        by  neutralization  with 

^  OH 

ferrous  oxide,  i.e,,  it  is  FeiFeOi)^.     It  is  also  formed  when  ferric 
le  is  heated  to  1000°  or  upward,  SFe^O,  -^  ZFeaO*  +  Ot 
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effect  of  heat  on  mangaaese  dioxide  and  lead  peroxide).  It  k 
also  formed  whea  hot  iron  is  hammered  (hammer  scale)  and  whea  j 
iron  reduces  water  vapor  at  high  temperatures.  When  ferric  oxide] 
18  treated  with  hydrogen  peroxide  no  peroxide  is  formed  but  if  fuaedJ 
with  sodium  peroxide,  or  if  in  suspension  in  concentrated  potassium  { 
hydroxide  solutions  the  hydroxide  is  treated  with  chlorine,  purple 
or  sometimes  variously  colored  solutions  are  formed  wliich  contain! 
alkali  salts  of  ferric  acid,  e.p.,  KtFe04,  which  have  been  obtained  1 
in  solid  condition.  These  salts  readily  decompose  and  neither  ferric  [ 
acid  itself  nor  the  corresponding  oxide  have  been  isolated. 

Cyanides  of  Iron.  —  When  to  salts'  of  iron  potassium  cyanide 
is  added,  the  precipitate  first  formed  is  apparently  ferrous  and 
ferric  cyanides  but  with  excess  of  the  reagent,  double  salts  are 
formed  respectively  K4Fe(CN)«  and  Iv^FelCN)^,  known  com- 
mercially as  *'  yellow  prussiate  *'  and  *'  red  prussiate/'  The 
former,  potassium  ferrocyanide,  is  usually  prepared  by  fusion  of 
animal  refuse^  such  as  horn  parings,  blood,  etc.,  with  iron  filings 
and  potassium  carbonate.  It  is  a  beautifully  cr>'sta]tine  yellow  salti 
K4Fe{CN)o  •  3HjO,  aod  in  solution  gives  no  evidence  of  the  pres- 
ence of  iron  as  a  positive  ion.  On  the  contrary  with  metallic  ions 
it  forms  salts,  many  of  them  insoluble,  by  double  decompoeition 
in  which  the  iron  forms  a  part  of  the  negative  ion.  Thus  we 
have,  K4Fe(CN)e+  2CuS0i  -^  2K1SO4+  CujFe(CN)..     (C/.  p.  157.) 

The  potassium  ferrocyanide  solution  if  treated  with  chlorine 
or  other  good  oxidizing  agent  turns  red  and  by  concentration  pro- 
duces crystals  of  the  ferricyanide,  2K4Fe(CN)«  +  Cli  ->  2KC1  -h 
2KtFe(CN)«.  This  is  known  as  ''red  prussiate.^'  I^ike  the  ferro- 
cyanide it  also  shows  no  evidence  in  solution  of  the  presence  of  the 
iron  as  an  ion.  Indeed,  from  these  salts  the  free  acids,  H4Fe(CN)i 
and  H3Fe(CN)fl,  have  been  isolated,  by  treatment  with  hydro- 
chloric acid.  They  also  show  no  evidence  of  the  presence  of  cyanide 
ions  and  the  compounds  are  not  even  poisonous.  Both  types  of 
salt  are  usefuL  The  ferrocyanides  besides  being  a  source  of  cyanides 
(c/.  p.  338)  are  gentle  reducing  agents.  The  ferricyanides  are 
likewise,  in  alkaline  solution,  moderate  oxidizing  agents.  Their 
chief  interest  lies  in  their  insoluble  salt^  particularly  those  with 
iron  itself.  The  treatment  of  the  ferrocyanide  with  ferric  salts 
gives  a  precipitate  of  *' Prussian  blue,*'  3K4Fe(CN)«  +  4FeCU --• 
Fe4lFetC*N)fl]i  +  12KC1,  while  the  ferricyanide  with  ferric  salt 
gives  a  red  color  which  is  probably  due  to  FeFe(CN)«  though  nc 
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^fiuch  compound  is  isolated.  Ferrous  salts  give  with  the  ferro- 
cyanides  a  white  precipitate,  quickly  turning  blue  by  oxidation, 
which  is  probably  FeK»Fe{CN)6  or  perhaps  FeiFe(CN)«.  With 
the  ferricyanides  ferrous  salts  give  a  blue  precipitate,  Fea[Fe(CN)6lj, 
known  as  TurnbuU's  blue.  Both  these  blue  compounds  are  used 
as  pigments  {cf,  p,  568,  **  chrome  green")  and  as  laundry  bluing. 
One  case  of  special  interest  is  the  formation  of  blue  prints.  This 
and  other  like  processes  depend  upon  the  fact  that  ferric  salts  are, 
in  many  cases,  reduced  to  the  ferrous  condition  on  exposure  to 
light.  Thus,  if  paper  which  has  been  soaked  in  a  mixture  of  ferric 
ammonium  citrate  and  potassium  ferricyanide  is  dried  and  exposed 
to  light  the  ferric  citrate  is  reduced  to  the  ferrous  salt.  If  the  paper 
be  now  dipped  in  water  the  ferrous  salt  reacts  with  the  ferricyanide 
to  produce  a  blue  precipitate.  Where  no  light  is  admitted  the 
mixed  materials  simply  dissolve,  Prussian  blue  is  decomposed 
by  alkalies  and  hence  blue  prints  may  be  written  upon,  in  white, 
with  a  dilute  solution  of  sodium  hydroxide. 

f      Sulfides  of  Iron.  —  There  are  four  sulfides  of  iron.    Ferrous 

sulfide,  FeS,  is  made  either  by  heating  iron  and  sulfur  together  (p. 
12)  or  by  passing  hydrogen  sulfide  into  alkaline  solutions  of  either 
ferric  or  ferrous  salts,  or  by  addition  of  ammonium  sulfide.  It 
is  insoluble  in  water  but  readily  soluble  in  even  very  weak  acids. 
It  oxidizes  readily^  when  moist,  if  exposed  to  the  air,  forming  a 
basic  sulfate  and  sulfur.  Ferric  sulfide,  FeaSi,  cannot  be  formed  in 
aqueous  solution  since  it  hydrolyzes  in  water  and  the  hydrogen 
sulfide  reduces  the  ferric  to  ferrous  ions.  Hence,  ferric  salts  give 
ferrous  sulfide  with  alkaline  sulfides.  It  may  be  formed  by  heating 
iron  and  sulfur  together  in  proper  proportions  at  550*»  or  by  passing 
hydrogen  sulfide  over  ferric  oxide  at  100**.  This  is  the  reaction  used 
in  the  gas  worL^  for  purification  of  gas.  The  reaction  is  reversed 
in  the  air  and  hence  the  oxide  is  regenerated. 

The  most  common  sulfide  of  iron  is  iron  pyrites,  FeSj  (fool's 
gold).  It  can  be  made  artificially  by  gentle  warming  of  iron  with 
an  excess  of  sulfur.  The  disulfide  is  extremely  insoluble  in  water 
and  for  that  reason,  probably,  rather  than  its  stability,  is  not  read- 
ily dissolved  by  acids.  Hot  hydrochloric  acid  and  the  oxidizing 
acids  decon\pose  it  readily.  WTien  heated  alone  it  decomposes, 
giving  sulfur  and  **  magnetic  sulfide  of  iron/'  FeiSi,  which  is  found 
in  nature  as  pyrrhotite  (c/,  the  oxide).  In  nature  many  minerals 
-are  found  which  may  be  regarded  as  iron  pyrites  in  which  other 
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metals  more  or  less  completely  replace  iron  or  other  non-met 
replace  sulfur,  such  as  FeAsS,  arsenopyrite,  etc.     When  roaste 
these  sulfides  are  converted  to  iron  oxide  and  sulfur  dioxide  and  tl 
decomposition  is  used  to  make  the  latter  substance  for  use  in  th^ 
manufacture  of  sulfuric  acid.     The  oxide  still  retains  so  much  stil 
fur  that  it  is  seldom  used  for  preparation  of  iron  though  some  i^ 
employed  under  the  name  of  *' bulldog"  in  the  preparation 
wrought  iron  by  puddling. 

Other  Coiupounds,  — Of  the  remaining  compounds  of  iron, 
numerous  as  they  are,  only  ferrous  sulfate  and  ferric  acetate  n 
special  mention.     The  former,  known  as  copperas,  FeSOi  •  7Hi* 
(also  known  as  green  vitriol),  is  readily  formed  by  solution  oi 
iron  with  sulfuric  acid.     Commercially  it  is  also  prepared  by  allows 
ing  iron  pyrites  (usually  marcasite)  to  *'  weather/*  i.e.,  oxidize 
the  air,  and  leaching  it  with  water.     The  solution  contains  ali 
ferric  sulfate,  which  is  reduced  by  scrap  iron,  and  the  solution' 
evaporated  until  the  green  crystals  form.     The  crystals  are  effl* 
rescent  in  dry  but  not  in  moist  air.     By  air  or  other  oxidiziuj 
agents  it  is  converted  to  a  basic  ferric  sulfate.     The  aubstan< 
in  solution  unitas  with  nitric  oxide  (the  '*ring"  test  for  nitri" 

acid)  to  form  an  unstable  complex  usually  considered  as  Fe  — 80^ 
which,  however,  ionizes  apparently  as  FeNO***  and  SO*".  It  forms" 
a  double  salt  which  is  very  stable  with  ammonium  sulfate, 
FeS04(NHi)«S04  •  dHjO,  not  isomorphous  with  the  alums.  FenrouS] 
sulfate  is  used  as  a  mordant,  as  a  reducing  agent,  and  in  the  manu- 
facture of  ink.  The  last  reaction  is  due  to  the  formation  of  ferrousj 
tannate.  (See  ink  formulae.)  Ferric  acetate,  Fe(CsHiOa)j,  is  &| 
soluble  salt  formed  by  double  decomposition  with  the  acetates 
and  ferric  salts.  It  forms  a  blood  red  solution  which  on  boiling 
hydrolyzes  to  a  basic  insoluble  salt,  Fe(0H)8CiHi0|. 


Nickel  anb  Cobalt 
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These  two  metals  with  atomic  weights  so  nearly  the  same, 
Ni,  58.68,  and  Co,  58.97,  are  moi-e  nearly  twin  elements  than  any 
other  of  the  elements,  at  least  of  those  with  atomic  weights  IcM 
than  140,     They  will  therefore  be  discussed  together.  • 


Occurrence,  —  The  two  elements  are  nearly  always  associa^ 
in  their  ores  and  these  are  called  nickel  or  cobalt  ores.  a»  oae  or  the 
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ber  metal  predominates  in  quantity.  Nickel  is  somewhat  the 
more  abundant  in  general.  Both  occur  as  alloys  to  some  extent 
in  minerals.  The  ore  smaltite  is  CoAsa,  kupfernickel,  or  mcolite,  is 
NiAs:,  nickel  glance  is  NiAsS,  and  cobalt  glance  is  CoAsS,  Mil-* 
lerite  is  the  sulfide  (NiCo)S.  The  most  important  nickel  ore  is 
probably  a  nickel  magnesium  silicate  (NiMg)H2Si04,  gamieritet 
found  chiefly  in  New  Caledonia. 

History*  —  The  name  cobalt  is  derived  from  the  German  Ko- 
baldi  or  earth  dwarf,  which  was  the  evil  spirit  of  mines.  Nickel 
seems  to  be  derived  from  the  term  kupfer-nickel,  or  false  copper, 
which  was  used  to  describe  minerals  supposed  to  be  copper  ores 
but  from  which  copper  could  not  be  obtained.  The  discovery  of 
the  elements  is  ascribed  to  Brandt,  cobalt,  in  1735,  and  Cronstedt, 
nickel^  in  1751,  although  the  term  cobalt  had  been  used  for  many 
ears  to  describe  the  minerals  used  for  coloring  glass  blue  and 
r  many  centuries  Chinese  coins  were  alloys  of  copper  and  of 
nickel. 


Preparation.  —  Until  recently,  cobalt  ores  were  not  treated 
to  obtain  the  metal.  The  general  method  is  to  convert  the  metal 
to  the  chloride  by  treatment  with  hydrochloric  acid,  remove  the 
second  group  metals  (p.  398)  with  hydrogen  sulfide,  oxidize  thesolu* 
tion  with  chlorine,  and  precipitate  the  iron  with  chalk.  The  cobaltic 
oxide  is  then  precipitated  by  addition  of  chlorine  to  the  neutral  solu- 
tion. The  metal  may  be  obtained  by  reduction  of  the  oxide  by 
hydrogen. 

Nickel  is  ordinarily  prepared  by  methods  which  are  modifica- 
tions of  those  used  for  copper.  Since  copper  is  ordinarily  also 
present  the  alloy  formed  is  separated  as  in  the  electrolytic  refining 
of  copper  (g.f.).  The  separation  of  cobalt  from  nickel  is  based 
upon  the  formation  with  nickel  of  a  volatile  compound,  nickel- 
carbonyl,  Ni(CO)4  (c/.  p.  334),  from  which  the  nickel  can  be  re- 
covered by  heating.  The  reaction  is  an  interesting  case  of  a 
reversible  reaction, 

Ni  +  4CO^Ni(CO)4, 

which  goes  in  the  direction  — ►  with  an  excess  of  carbon  monoxide 
(at  15  atmospheres)  and  reverses  when  the  excess  of  monoxide  is 
removed.  Both  metala  are  most  readily  prepared_  by  the  Gold- 
schmidt  proceaa. 


Properties.  —  Nickel  and  cobalt  are  both  hard  white  metals, 
both  are  malleable  and  ductile,  both  are  magnetic  but  leas  so  than 
iron*  Their  speci6c  gravity  is  practically  the  same,  nickel  is  given 
as  8.8,  cobalt  as  8.7.  Their  melting  points  are  nearly  the  same, 
cobalt  1500^  and  nickel  HSO**.  Both  are  corroded  very  slowly  by 
moist  air  and  react  with  steam  to  produce  the  monoxide,  a  con- 
trast with  iron  (p.  54).  Both  are  soluble  in  dilute  acids  and  both 
become  passive  (p,  601)  in  nitric  acid,  but  while  nickel  is  readily 
rendered  passive  as  an  anode  cobalt  is  not.  Both  form  two  series 
of  salts,  a  bivalent  series  and  a  trivalent  one,  but  while  bivalent 
soluble  nickel  salts  are  green  and  cobaltous  salts  in  solution  are 
pink  the  colors  appiear  to  reverse  when  the  trivalent  salts  are 
formed. 
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Uses  and  Aliifys,  —  As  a  metal  cobalt  has  found  few  special 
uses,  but  recently  it  has  been  found  very  valuable  as  a  component 
of  a  steel  for  the  manufacture  of  cutlery.  This  alloy  is  75  per 
cent  cobalt  and  25  per  cent  chromium.  Nickel,  on  the  other  hand, 
has  been  used  extensively  for  plating  other  less  durable  metals  and' 
for  decorative  purposes.  Its  alloys,  as  German  silver  and  eoinsj 
are  extensively  used  (see  appendix).  Nickel  steel  for  armor  plata' 
and  similar  purposes  has  great  value.  "  Invar,'*  used  for  standard 
measures,  and  "  platinite/^  used  for  making  wire  glass  and  in  lieu  of 
platinum  for  inntindescent  bulbs,  are  nickel  steels  containing  about 
36  per  cent  and  42  per  cent  of  nickel  respectively.  The  latter  has 
nearly  the  same  coefficient  of  expansion  as  glass.  Monel  metal, 
a  **  brass/'  composed  of  nickel  and  copper,  is  less  readily  tar- 
nished than  brass  or  bronze  and  is  used  in  their  stead  for  certain 
purposes. 

Compounds,  —  The  bivalent  salts  of  both  cobalt  and  nickel 
are  more  common  than  the  trivalent  forms.  The  hydroxides  are 
precipitat-ed  from  alkaline  solutions  and  the  nickelous  hydroxide 
is  stable  but  the  cobaltous  hydroxide^  like  that  of  iron,  slowly 
oxidizes  on  exposure  to  air.  Cobaltous  chloride  treated  with  bases 
precipitates  a  blue  basic  salt,  Co  (OH)  CI,  which  is  converted  to  the 
hydroxide  on  boiling.  Both  hydroxides  change  to  the  correspond* 
ing  oxides  when  heated  in  the  absence  of  air  and  both  oxidise  tarn 
the  "  ic  "  forms  when  heated  in  the  air.  The  salts  of  neither^ 
metal  are  precipitated  by  ammonium  hydroxide,  since  both  form 
complex  ammonia  ions.     (Cf.  copper.)     Ammoniacal  solutions  of 


cobalt  salts  absorb  oxygen  from  the  air  and  form  cobalt  ammines. 
These  complex  and  very  interesting  salts  play  an  important  part 
in  Werner's  hypothesis  (q.v.).  Both  metals  form  many  complex 
aalts  and  the  double  sulfate,  (NH4)jNi(S04)s  •  6H1O,  is  the  most 
important  compound  of  nickel  because  of  its  use  in  nickel  plating 
baths.  The  cyanides  of  both  metals  dissolve  io  an  excess  of  the 
alkali  cyanides,  forming  double  cyanides- 

The  double  cyanide  of  cobalt,  K«Co(CN)4,  is  oxidized  to  the 
>baltic  cyanide,  K3Co(CN)fl,  with  bromioe  or  chlorine.  The 
"product  is  stable  in  alkaline  solution.  Nickel  forms  a  similar 
double  cyanide,  if  oxidized,  which  is  decomposed  by  bases  form- 
ing nickelic  hydroxide,  Ni(OH)j.  A  similar  double  salt,  the 
double  nitrite,  is  formed  by  both  metals.  The  double  nitrite 
of  cobalt  and  potassium,  K«Co(NOs)8,  is  quite  insoluble  in  water, 
while  that  of  nickel  is  soluble.  Both  metals  form  oxides  analo- 
gous to  magnetite,  viz,,  C03O4  and  NiaOi.  Neither  metal  forms 
the  true  peroxides  but  a  most  remarkable  set  of  changes  occur 
if  their  *'  ous  "  salts  are  treated  with  hydrogen  peroxide  in  the 
presence  of  potassium  hydrogen  carbonate  solution.  With  cobalt 
a  vivid  green  solution  is  formed,  with  nickel  at  0**  a  faint 
liink  solution  is  produced.  The  compounds  forming  these  have 
never  been  isolated.  They  are  presumed  to  be  KCo(COj)i  and 
KNi(CO»)t,  but  this  is  uncertain  (Jour,  Am.  Chem.  Soc,  Vol.  30, 
p.  1732).  The  beads  formed  by  cobalt  with  microcosmic  salt 
are  blue  both  in  the  oxidizing  and  reducing  flame.  Nickel  beads 
are  reddish  brown  in  the  oxidizing  flame.  Cobalt  glass  made 
from  cobalt  oxide,  potassium  salts,  and  silica  is  known  as  smalt 
and  is  an  important  blue  pigment,    Thenard*B  blue  is  made  by 


The  Platinum  Mbtal» 


Occurrence.  —  The  two  remaining  triad  groups  are  together 
known  as  the  platinum  metals  because  they  occur  almost  exclu- 
sively in  the  native  state,  alloyed  together,  as  nuggets  or  in  fine 
grains.  Of  these  the  platinum  ranges  from  two-thirds  of  the  alloy 
upwards  to  nearly  pure  platinum.  Gold  is  nearly  always  associated 
with  this  crude  alloy.  Nearly  the  whole  supply  of  all  the  metals 
and  their  salts  are  derived  from  this  source;  though  very  rare 
minerals  having  isolated  members  of  the  group  are  known.  Also 
from   certain   Brazilian   gold   ores   and   from    the   copper*mcke1- 
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cobalt  ores  of  Sudbury  and  from  gold  refineries  some  of  the^e 
metals  are  recovered.     The  chief  sources  are  in  the  Ural  mountains* 

History*  —  Platinum  was  first  discovered  in  South  America  by 
the  Spaniards  and  named  **platina/'  the  diminutive  of  platai 
silver*  It  was  first  brought  to  Europe  in  1740  and  described  by 
Watson  in  1748.  Its  importation  to  Europe  was  forbidden  by 
the  Spamarda  in  order  to  prevent  its  use  for  adulteration  of  gold. 
In  1788,  however,  the  Spanish  government  bought  it,  perhaps 
to  '*  debase  "  its  coinage,  at  about  two  dollars  per  pound.  Its 
price  in  1916  was  three  dollars  per  gram.  Tennant  in  1802  iso- 
lated from  the  crude  platinum  osmium  and  iridium  and  named 
them*  (The  former  is  from  otr^rj  =  a  smell,  the  latter  from  Ifn^ 
^  a  rainbow,  because  of  the  most  striking  physical  characters 
of  the  compounds  (cf.  p.  114).)  In  1804,  WoUaston,  in  an  investi* 
gation  designed  to  discover  uses  for  these  metals  (!)  discovered 
rhodium  and  palladium.  The  former  was  named  from  poSov  =  a 
rose,  from  the  color  of  its  salts,  and  the  latter  after  the  planet 
Pallas  (discovered  in  1802).  In  1845,  Claus  isolated  ruthenium 
and  named  it  (from  Ruthen^  an  ancient  term  for  Russia). 
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Preparation-  —  Since  the  platinum  elements  are  so  exclusively 
found  native  and  alloyed  not  only  with  each  other  but  also  with 
gold  and  other  elements  as  well,  the  separation  and  isolation  is 
a  fairly  comphcated  series  of  processes,  the  details  of  which  are 
not  essential  to  our  present  purpose.  The  actual  methods  em- 
ployed commercially  are  held  as  '*  trade  secret^/*  The  metals 
are  collected  from  the  sands  by  concentration  and  by  washing, 
the  amalgamation  process  (c/.  Gold,  p.  436)  being  used  for  final  M 
extraction.  After  evaporation  of  the  mercury  the  residue  is  ™ 
treated  with  aqua  regia.  The  insoluble  residue  is  chiefly  an  alloy 
of  osmium-iridiura.  Osmium  and  ruthenium  form  volatile  oxides 
(c/.  below)  which  are  removed  by  distillation.  The  platinum 
with  some  iridium  is  removed  from  the  solution  by  precipitation 
with  ammonium  chloride.  The  double  chloride  is  decomposed 
by  heat,  (NHi)2PtCli -♦  2NH,  +  2HC1  +  Pt  +  2CI2.  The  palladium 
and  rhodium  remain  in  the  mother  liquor.  ^ 

Ruthenium^  Ati,  101.7,  formB  four  oxides,  HuO,  RuiO^^  RuOt,  and  BxD^. 
The  tetroxide  19  a  volatile  oompoimd  with  an  odor  resembling  that  of  ofone.  It 
may  be  readily  reduced  to  the  metal  by  various  reducing  agents,  and  if  heated 
under  pressure  is  reduced  to  the  dioxide,  EuO^.    There  is  no  oxide  oorrespoodiiig 
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to  RuOl  or  RuiO  but  the  salts  potaMium  mthenate,  KjRtiOif  and  potaasiuiu 
perruthenate,  KRuOi,  are  formed.  Their  aolutiona  are  orange-red  and  green^ 
respectively.  The  chlorides,  RuGU,  RuCU,  and  RuCI^,  are  known  and  also  the 
double  chlorides  (cf,  p.  521).  The  metal  itself  is  gray  in  color,  with  a  specific 
gravity  of  12.3  and  a  melting  point  of  about  2300**.  It  is  obtained  in  very  small 
quantities  and  finds  no  uses  at  present. 

Rhodiunif  Rh^  102.9,  forms  three  ozideSf  RhO,  RhjOi,  and  RhOi»  and  two 
chlorides,  RhCU  and  RhCU.  The  tatter  forms  double  salts  readily.  It  also 
(onus  ammonia  den vatives  like  those  of  cobalt  and  platinum)  e,g,,  roseorhodium 
chloride,  Rh(NHi)  A0C1«  (c/.  p.  618).  It  is  a  hard  white  metal  with  a  specific 
gravity  of  12.0  and  a  melting  point  of  about  1900°.  It  is  used  somewhat  to  tip 
gold  pens. 

Palladium y  Pd^  106.7,  is  sometimes  found  associated  with  silver  ores  as  well 
as  always  with  platinum.  It  is  much  more  abundant  than  the  other  members  of 
its  triad.  It  forma  but  two  oxides,  PdO  and  FdCh,  and  two  chlorides,  PdCU  and 
PdCU.  The  latter  is  known  only  in  solution  but  forms  a  double  salt,  K»PdCli, 
insoluble  in  water.  The  di chloride  is  fonned  by  dissolving  spongy  pi^tadium  in 
hydrochloric  acid.  When  the  chlorides  are  reduced  the  finely  divided  paiiadium 
Is  obtained,  known  as  "spongy  palladium.'^  Complex  ammonia  derivatives  of 
palladium  are  known  (cf,  p.  615).  The  metal  is  similar  in  appearance  to  plati- 
num. It  is  malleable  and  ductile.  Its  specific  gravity  is  11.9  and  its  melting 
point  is  1550**.  It  is  said  to  be  used  as  an  adulterant  of  platinum.  Its  most 
remarkable  property  i^  its  absorptive  power  for  hydrogen;  1  cc.  of  the  metal  in 
the  form  of  foil  will  absorb  from  550  to  800  times  its  own  volume  of  the  gas.  As 
an  electrode  in  spongy  form  it  is  said  to  abBOcb  as  much  as  900  to  1000  times  ita 
own  volume  of  the  gas.  The  nature  of  this  relation  is  unknown.  It  appears  to 
be  a  solid  solution.  The  hydrogen  is  more  active  than  ordinary  hydrogen,  cff,, 
it  reduces  copper  salts  to  metallic  copper  and  it  oxidijees  rapidly  on  contact  with 
air.  The  finely  divided  metal,  therefore,  finds  use  in  gas  analysis,  to  eetimato 
hydrogen,  in  automatic  gas  lighting  devices,  and  as  a  catalyzer  in  various  reao* 
tions.     (See  New  Alloys  to  Replace  Platinum.  Jour.  Ind.  and  Eog.  Chem.,  9, 590 J 
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Ogmium^  Os^  190.9,  forms  four  oxides,  OsO,  OsiOi,  OsOt,  and  OsO*.  The 
idee  are  OsQs,  OsCti,  and  ObC1«.  It  also  forms  osmates,  as  KiOfiO«,  The 
'oxide,  OsOt,  is  a  volatile  white  solid,  the  vapor  of  which  has  a  very  disagreeable 
smell  resembling  that  of  chlorine.  It  is  known  as  ''osmic  acid,''  though,  while 
soluble  in  water,  it  has  no  acid  properties.  It  is  used  for  staining  and  hardening 
purposes  in  histology.  It  is  used  as  a  catalytic  agent,  particularly  in  the  synthens 
of  ammonia  (c/,  p.  264).  The  metal  is  iron  gray  and  remarkable  as  the  densest 
of  known  materials,  specific  gravity,  22.5.  It  is  also  very  infusible,  melttng  point 
2700*^.  It  is  used  as  an  alloy  with  platinum  for  connecting  wires  in  incandesoeni 
hunps,  and,  but  for  the  superiority  of  tungsten  and  tantalum,  oould  be  used  for 
filaments.    It  is  also  a  cotistiiuent  of  the  alloy))  uaed  (or  ffM  pen  wibs.    Its 
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preBenoe  in  platinum  crucibles  and  dishes  is  very  unpleasant,  though  not  infre- 
queQt^  becaose  by  heating  in  air  the  volatile  oxide  is  formed  foxd  the  vesseU  loee 

weight  slightly  after  each  heating. 

Iridium^  Ir^  193.1,  forma  two  oxides,  InO«  and  IiOif  and  three  chloridea, 
IrCli,  IrClj,  and  IrCU,     The  chloridee  form  double  salts  of  the  type  KtlrOU. 

The  metal  resemblea  platinum  in  appearance,  has  a  specific  gravity  of  22,4  and 
a  melting  point  of  about  2300"*.  Its  alloy  with  osmium  '^iridoemine  ^'  is  used  for 
gold  pen  pointe.  The  metal  is  frequentiy  present  in  platinum  vessels  in  which 
it  ia  an  advantage  since  at  renders  them  harder.  The  various  standards  of 
meaaure  and  of  weight  at  Sevres,  near  Paris,  are  of  this  type. 
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Platinum,^  Pt^  195.2,  is  far  the  most  important  metal  of  its 
group.  It  forms  two  oxides,  PtO  and  PtOi,  and  two  chlorides, 
PtCti  and  PtCli,  both  of  which  form  double  chlorides  readily. 
Of  these  double  chlorides  those  with  hydrochloric  acid  are  known ^ 
as  chlorplatinous  acid,  HxPtCU,  and  chlorplatinic  acid,  HiPtCli.  ■ 
The  salts  of  these  acids  with  amponium  and  potassium  are  in- 
soluble in  water  and  are  exteiiaively  used  in  analj'tical  chemistry 
in  spite  of  their  enormous  cost.  Platinum  chlorides  form  a  long 
series  of  ammonia  derivatives,  known  as  ammine-s*  These  com- 
pounds with  those  of  cobalt  and  others  of  similar  tj'^pe  led  Werner 
to  his  view  of  the  stereostructure  of  inorganic  compounds,  a  view 
so  comprehensive  that  it  is  given  separate  treatment  (see  p.  616). 
While  platinum  salts  are  valuable  as  reagents  the  great  utility 
of  platinum  is  in  metallic  form*  The  metal  has  a  specific  gravity 
of  21.4  and  a  melting  point  of  1750*^.  It  is  unaffected  by  moist 
or  dry  air  or  by  heating  in  the  air,  though  it  may  be  melted  by 
the  oxyhydrogen  blow-pipe.  It  is  also  unaffected  by  acids  of 
any  sort,  though  dissolved  by  aqua  regia.  It  is  also  an  extremely 
efficient  catalytic  agent,  probably  by  reason  of  its  powers  of 
occlusion  {cf.  p.  61  and  p*  232) »  It  may  be  prepared  either  in 
a  malleablej  ductile,  coherent  form,  or  as  a  black  powder.  Its 
stability  in  the  air  and  its  physical  properties,  as  well  as  its  high 
cost,  make  it  an  extensively  used  material  in  the  manufacture 
of  jewelry,  especially  for  chains,  bracelets,  jewel  settings,  etc. 
It  is  unfortunate  that  this  is  the  case»  as  such  uses  limit  the  supply 
for  scientific  purposes,  already  insufficient.  Another  unfortunate 
application  is  as  a  *'  toning  *'  material  in  portraiture  by  photog- 
raphy (c/*  p.  449).  This  is  simply  a  waste.  The  metal  is  very 
extensively  used  in  the  form  of  wire  for  sealing  through  glass 
for  electrical  connections,  since  its  heat  coefficient  is  nearly  that 
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of  glass.  This  makes  it  nearly  indispensable  in  the  manufaoture 
of  X*ray  apparatus,  incandescent  lamp  bulbs,  explosive  bulbs, 
eudiometers^  etc.  Its  resistance  to  the  electric  current  is  fairly 
large  at  ordinary  temperatures  and  decreases  uniformly  with 
fall  of  temperature.  It  is  therefore  used  for  reflistance  wires 
and  for  the  construction  of  both  low  and  high  temperature  ther- 
mometers. Itfi  most  valuable  application,  at  least  to  the  chemist, 
ifi  in  the  form  of  wire,  crucibles,  dishes,  combustion  tubes,  elec- 
trodes, etc.,  for  use  in  chemical  laboratories.  These  uses  are 
so  varied  that  it  is  a  query  how  we  could  do  without  it,  but  its 
increasing  cost  is  a  constant  source  of  anxiety  to  those  who  purvey 
the  laboratory  supplies.  It  ia  a  mistake,  however,  to  suppose 
it  an  inactive  material  under  all  circumstances  and  platinum 
apparatus  is  pecuUarly  susceptible  to  damage  by  the  uninitiated* 
It  is  dissolved  by  aqua  regia  and  indeed  is  corroded  by  any  of  the 
free  halogens  and  nothing  capable  of  giving  rise  to  these  sub- 
stances should  be  used  in  platinum  apparatus.  It  is  also  dis- 
solved by  alkalies  and  particularly  when  oxidizing  agents  are 
also  present.  It  may  be  used  for  fusion  with  sodium  carbonate, 
but  even  with  this,  with  oxidizing  agents,  there  is  some  corrosion. 
With  many  metals  and  metalloids  it  forms  easily  fusible  alloys 
and  since  it  is  permeable  by  hydrogen,  easily  reducible  substances 
such  as  lead,  phosphorus,  arsenic^  and  antimony  compounds 
heated  in  platinum  vessels  spell  ruin  for  the  ve^seb  since  by 
reduction  these  form  alloys  and  at  the  temperature  of  the 
burner  these  alloys  melt.  Finally,  platinum  heated  with  carbon 
slowly  forms  a  carbide  which  is  brittle  and  hence  if  platinum 
is  heated  in  a  smoky  flame  it  gradually  hardens  and  then  may 
crack  when  subjected  to  any  sudden  blow.  Platinum  ware  should 
therefore  be  treated  ivith  care  and  discretion.  (See  The  Platinum 
Situation,  Jour.  Ind.  and  Eng.  Chem,,  9,  544,  1917.) 

Werner^s  Hypothesis.  —  The  dualistic  view  of  the  composition 

of  compounds*  know^n  as  Berzetius*  Electro  Chemical  Theory  (1813), 
assumed  every  chemical  change  as  essentially  electrical  (p.  170), 
and  that  when  electrically  charged  atoms  unite  a  residual  polarity 
of  the  compound  remained  which  enabled  it  to  unite  with  a  group 
similarly  charged,  though  of  opposite  polarity.  This  view  is  ordi- 
narily illustrated  by  the  series  (using  modern  symbolism) : 

2K  +  0-*KtO:S  +  30-*SO,    and    kJ>  +  SO,-*K,0- SO, 

2Al  +  30-*Al,Oa:8  +  30-^80,  and  Al|Qi  +  3SOi-- A1,0|- (SO,),, 
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These  two  salts  being  oppositely  charged  were  assumed  to  be  capable 

of  uniting:  K,OSQi  + Al,0a*(S0i)«-*Kt0*80i-AIi0,(S0i),.    Thk 

complex  was  assumed  to  be  able  to  unite  with  water  (HjO)  to  form 
alum,  which  was  expressed,  KiO -SOj  — AliOj(SOi)a '24HiO,  or  as 
written  at  present,  KAUSOi)*-  12HtO.  Coincident  with  the  rapid 
development  of  organic  chemistry  the  relations  of  the  compounds 
produced  could  not  be  brought  to  harmonize  with  the  dualistic  view 
and  after  many  years  a  view  known  as  the  theory  of  valency  took 
its  place  (1856).  The  story  of  the  evolution  of  valency,  while  very 
interesting^  is  too  long  to  be  introduced  in  this  connection.  (See 
Schorlemmers*  Rise  and  Development  of  Organic  Chemistry,  or 
Pattison-Muir's  Chemical  Theories  and  Laws.)  This  latter  view, 
which  for  many  years  has  been,  and  still  is,  the  prevailing  view, 
regards  each  atom  of  an  element  as  the  seat  of  certain  attractive^ 
forces  of  a  numerical  character  which  are  considered  fundamental  ■ 
properties  of  the  atoms.  There  were  two  variants  of  this  view. 
One,  that  of  Kekule,  regarded  the  valency  of  the  atoms  as  invari- 
able. The  other  regarded  the  atoms  as  possessing  a  maximum 
valency  which  in  given  cases  might  not  manifest  itself.  It  is  the 
latter  view  which  may  be  considered  as  the  dominant  one  at 
present  and  upon  which  the  preceding  discussions  have  been  based* 
Thus  the  periodic  groups  show  certain  maximum  valencies  which 
correspond  to  their  group  numbers.  In  each  group,  however, 
lower  valency  is  operative  in  given  cases.  (C/.  structural  for- 
mulae of  nitrogen  compounds,  p.  295.)  While  this  conception  of 
valency  is  satisfactory  in  general  and  provides  a  general  basis  of 
codrdination  of  facts,  it  must  be  confessed  that  there  are  a  number 
of  facts  for  which  it  does  not  make  provision  and  these  include 
the  groups  of  compounds  such  as  the  alums,  vitriols,  hydrates, 
double  salts,  and  the  aramino-compounds  of  cobalt,  platinum,  , 
chromium,  etc.  Such  of  these  as  were  known  at  the  time  wereB 
coordinated  by  the  dualistic  theory.  In  an  attempt  to  satis-" 
factorily  account  for  the  existence  of  these  compounds  Werner 
(1893  d  mq.)  has  been  led  to  a  view  of  valency  which  while  per-M 
haps,  and  probably,  not  in  its  final  form,  ought  to  be  presented  in  | 
any  survey  of  the  chemical  field.  Contrary  to  the  practice  with 
all  the  hypotheses  so  far  presented  in  this  discassion  we  shall,  for 
the  sake  of  brevity,  present  without  argument  the  assumptions 
made  and  then  show  how  they  apply  to  the  above  types  of  com* 
pounds,    Werner  assumes  that  besides  the  valency  of  the  tj 
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just  discussed  each  element  possesses  a  residual  valency  (corre- 
sponding to  Berzelius'  residual  polarity)  through  which  the  com- 
pounds of  the  elements  are  enabled  to  unite  to  form  complex  com- 
pounds, i.«.^  he  recognizes  the  ordinary  valency  as  the  expression 
of  the  numerical  combining  value  of  an  atomic  weight  of  an 
element  expressed  in  terms  of  the  number  of  combining  weights  ■ 
of  hydrogen  or  its  equivalent  with  which  it  can  unite.  The  f 
residual  valency  represents  manifestations  of  chemical  affinity 
which  enable  molecules  to  react,  as  radicals  react,  but  differing 
from  radicals  in  being  able  to  lead  independent  existences*  This  m 
residua!  valency  has  a  limit  for  each  kind  of  atoms  and  the  sum  of 
the  ordinary  valence  and  secondary  valence  he  proposed  to  call 
the  coordination  number  of  the  element.  He  recognizes  three  dif- 
ferent coordination  number  groups,  four,  six,  and  eight,  and  be- 
cause of  the  frequency  of  the  occurrence  of  compounds  where  the 
coordination  number  of  some  one  of  the  elements  is  six  and  is 
independent  of  the  nature  of  the  associated  molecules,  he  is  in- 
clined to  believe  that  space,  rather  than  affinity  relations^  gpvem. 
He  hence  suggests  space  formulae  (stereo-formulae)  for  compounds 
of  the  inorganic  type,  just  as  we  have  long  recognized  space 
relations  in  organic  chemistry  (see  Organic  Chemistry  —  van't 
Hoff  and  Le  Bel's  Theory).  The  space  relations  are,  however, 
somewhat  different  from  those  arrived  at  from  the  study  of  organio 
compounds.  In  those  compounds  where  the  coordination  number 
is  four  he  assumes  a  space  relationship  in  a  plane  and  where  the 
coordination  number  is  sue  he  assumes  an  octahedral  structure  of 
which  examples  will  be  given  subsequently.  The  elements  directly 
attached  to  a  given  central  atom  are  indicated  within  brackets 
(the  inner  sphere)  and  those  not  directly  attached  are  indicated 
outside  the  bracket  (the  outer  sphere).  The  simplest  case  may  be 
illustrated  as  follows:  Nitrogen  in  ammonia  is  assumed  to  have 
an  unsaturated  secondarj^  valency.  Its  coordination  number  is  four 
and  its  formation  of  ammonium  chloride  with  hydrochloric  acid  is 
indicated  by  NH,  +  HCl  -*  H,"N-HCI.  There  seems  to  be  no 
difference  between  any  of  the  four  atoms  of  hydrogen  in  ammonium 
chloride  and  consequently  the  chlorine  is  linked  to  the  molecule, 
NH4,  by  an  affinity,  or  equilibrium,  distributed  over  the  whole 

group*    This  is  indicated  by  the  formula     tt/Nx,      I  — CL     It 

^^now  remains  to  justify  to  some  extent  this  hyfxithesis  which  seems 
^■at  first  bizarre.    The  chlorides  of  platinum  when  treated  with 
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ammonia  behave  in  a  very  interesting  manner.  Platinic  chloride 
in  solution  treated  with  ammonia,  and  boiled,  gives  a  green  pre> 
cipitate,  PtClj  •  4NHi  —  H2O  (Magnus*  salt),  and  from  the  solu- 
tion can  be  obtained  a  compound  with  the  composition  PtClf  •  2NH|. 
Both  w^hen  treated  with  chlorine  give  a  compound  PtCU  •  2NH|. 
Such  compounds  are  called  ammlno-salts.  These  may  be  consid- 
ered  as  the  typical  members  of  two  series  of  platinum  compounds 
which  have  been  prepared  and  for  which  our  ordinary  valence 
conceptions  cannot  account*  Werner  represents  their  composition 
as  follows: 

Plaiinoiia  Derivativw 

[Pt(NIIa)JClt 

[Pt(NHs),Cl]CL 

lPt(NH,)sa,i 

[Pt(NH,)CyK. 
[PtCUK,. 
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Platinic  Derivative 

[Pt(NH,)JCU. 

[Pt{NH,)ACllCU. 

[Pt[(NHOiCUCl,. 

[Pt[(NH,)3CU}Cl 

tPt[CNH,),CU. 

[Pt(NH,)CIi]K  (not  known}, 

[PtClfliKi, 

The  physical  and  chemical  behavior  of  these  compounds  accords 
in  a  marvelous  manner  with  these  formulations.  According  to 
Werner's  assumption  those  portions  of  the  compounds  within 
the  brackets  (the  inner  sphere)  act  as  a  unit  and  this  unit  has  a 
valence  which  is  equal  to  the  normal  valence  of  the  central  atom, 
if  a  metal,  less  the  number  of  acidic  valences  witliin  the  bracket. 
Accordingly,  then,  the  compound  [PtCl4(NHi)j]  has  no  valenceyl 
while  [PtClt(NH8)4]  should  have  a  positive  valence  of  two,  while 
the  complex  [PtClJ  should  have  a  negative  valence  of  two. 
These  relations  are  shown  in  the  above  table.  Moreover,  the 
solutions  of  [PtCl4(NHj)2]  and  of  all  others  non-valent»  according 
to  the  hji>otheei8,  are  non-conductors  of  the  electric  current, 
while  those  of  the  type  [PtCla(NH,)4lCl,,  etc,  and  [PtClJK,  are 
conductors.  In  the  latter  type  potassium  goes  to  the  cathode 
during  electrolysis;  in  the  former  the  complex  is  the  cathion. 
Moreover,  in  such  compounds  as  [PtCLi(NHi)2]  the  chlorine  is 
not  present  in  solution  in  ionic  form  and  does  not  precipitate 
with  silver  nitrate  (see  also  cobalt  ammines).  More  strikingly 
confirmative  of  the  hypothesis  is  the  fact  that  isomers  are  possible 
according  to  Werner's  view  and  many  of  these  have  been  isolated. 
Thus,    there   have   been    isolated    two   compounds   of    the   type 
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[PtCU(NHi)tl  and  two  of  the  type  [PtCUCNHOi].    These  are  rep- 
resented by  space  formulse  as  follows: 


C/  M^ 


FM.186. 


These  space  formal®  are  not  identical  and  by  analogy  with  the 
da  and  trans  compounds  of  organic  chemistry  may  be  assumed 
to  represent  compounds  of  different  types.  Moreover,  the  am- 
monia groups  of  the  above  groups  of  compounds  may  be  replaced 
by  water  or  alcohol,  etc.  The  number  of  derivatives  is  therefore 
very  great  and  many  have  been  prepared.  In  an  exactly  similar 
manner  the  hosts  of  complex  ammines  of  the  cobalt  type  which 
have  been  prepared  may  be  accounted  for.  We  have  the  follow- 
ing possibilities: 


[Co(NHi).lCl,. 
[Co(NH,)sCl]Cl,. 
[Co(NHi)4ClJCl. 
(Co(NH,)iClJ. 


[Co(NH,),Cl4]K. 
[Co(NH,)CUlKt. 
[CoCUlK.. 


Wnen  we  consider  that  the  ammonia  In  these  compounds  tt 
be  replaced  by  Br,  I,  NOi,  NO,.  CN,  HtO,  CtHiOH,  etc,»  we 
realize  what  an  enormous  number  of  compounds  are  possible. 
We  muat  have  consideration,  even  admiration,  for  any  hypothesis 
capable  of  dealing  with  them.  Hundreds  of  these  compounds 
have  actually  been  made.  Indeed,  we  may  consider  potassium 
cobaltic  cyanide  and  potassium  cobaltic  nitrite  of  this  t^i>e.  viz,, 
[Co(CN)«lKf  and  [Co(NOi)JK8.  In  a  similar  manner  the  ammino 
derivatives  of  silver,  copper,  cadmium,  and  chromium  fall  into 
orderly  classification. 

It  is  possible  to  extend  WemePs  conception  to  the  hydrates  and 
alcoholates  also.  Thus,  magnesium  chloride  crystals,  MgCU  •  6H|0, 
he  considers  IMg(HtO)fl]Cl3  and  similarly  for  other  bexahydrates.  ^ 
For  the  vitriols,  MSOi'THiO,  he  considers  one  molecule  of  water  a  ■ 
part,  not  of  the  nucleus,  but  of  the  acid,  a  conception  in  accord  with 
the  hydrated  acid  atmcture  (cf,  p,  237),  Thus,  [Zn(H,0)fllS04  •  HtO. 
In  the  case  of  copper  sulfate  we  have  [Cu(HfO)i]S04 -HiO*  It 
should  be  repeated  that  the  hypothesis  of  Werner  is  yet  in  the 
making.  For  fuller  information  the  student  should  seek  Werner's 
book*  (Neuere  Auschauungen  auf  dem  Gebiete  der  Anorganischen 
Chemie,  1905,) 


Inorganic  Evolution,  —  We  have  seeo  that  the  current  view  of 
the  cause  of  radioactivity  is  a  decomposition  of  the  atoms  of 
certain  elements.  This  may  be  called  the  Devolution  of  the 
Elements*  The  converse  of  this  is  the  theory  of  inorganic  evo- 
lution. As  early  as  1815  Prout  suggested  that  since  so  many 
of  the  elements  have  atomic  weights  which  are  a  multiple  by  a 
whole  number  of  that  of  hydrogen  it  may  be  that  the  atoms  of 
other  elements  are  made  up  of  hydrogen,  f.e,,  that  hydrogen  may 
be  the  primordial  matter,  the  wpSiTTivXvf  of  the  ancients*  Thia 
idea  was  eagerly  adopted  at  the  time  but  due  largely  to  the  exact  - 
atomic  weight  work  of  the  great  Belgian  chemist^  Stas  (1860-  ■ 
1865)  the  hypothesis  was  finally  rejected.  In  one  form  or  another 
the  fundamental  idea  keeps  reappearing  in  various  forms.  That 
this  is  true  is  perhaps  due  to  such  points  as  are  here  cited. 

1.  The  atomic  weights  are  nearly  whole  multiples  of  the  weight  of 
hydrogen.  Harkins  has  pointed  out  (Jour.  Am.  Chem.  Soc,  Vol. 
XXXVII,  p.  1370)  that  of  the  first  twenty-one  elements  the 
average  deviation  from  whole  numbers  is  0.21  and  if  four  of  these 
(Be,  Mg^  Si^  and  CI)  are  left  out  the  deviation  of  the  remainder 
is  but  0.05.  Such  a  situation  is  not  probable  on  the  baais  of 
chance.     There  must  be  some  reason. 

2.  The  elements  have  family  relationships  such  as  have  b^n 
repeatedly  pointed  out  and  which  form  the  basis  of  the  periodic 
systems  and  moreover  related  elements  are  nearly  always  found 
associated  in  nature  (cf.  occurrence  of  cobalt,  nickel,  etc.). 

3.  The  spectra  of  the  elements  are  regarded  as  an  atomic 
property  (c/.  p.  443),  yet  the  following  fact^  concerning  the  spectra 
seem  to  be  definitely  ascertained,  (a)  The  spectral  Unes  can  be 
arranged  in  groups  and  elements  of  similar  chemical  types  show 
similar  groups  of  lines.  In  each  periodic  group  there  exists  nearly 
the  same  relation  between  the  wave  lengths  of  the  series  of  Unes  but 
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the  higher  the  atomic  weight  in  each  group  the  aet  of  lines  is  the 
nearer  the  red  end  of  the  spectrum.  It  has  even  been  found  pos- 
sible to  determine  atomic  weights  on  this  basis.  It  is  assumed^ 
therefore,  that  each  group  of  elements  is  made  up  of  similar  com- 
plexes. 

t      (b)  The  spectrum  of  a  given  element  is  not  always  the  same 
when  it  is  examined  by  the  '*  flame  method/*'  the  **  arc  **  met 
and  by  electrical  discharge  through  attenuated  gases.     Thus  th< 
flame  spectrum  of  iron  at  relatively  low  temperature  consists  of 
but  few  lines.     At  higher  temperature  the  '*  arc  spectrum  **  con 
siats  of  two  thousand  lines  and  at  still  higher  temperatures,  i.e 
at  the  temperature  of  the  hot  stars,  it  is  said  again  to  consist 
but  a  few  lines*     In  the  highly  attenuated  gases  the  spectra  disap*! 
pear  and  we  get  the  X-ray  or  electron  production* 

(c)  The  spectral  lines  when  examined  in  the  magnetic  field 
are  separated  into  groups  of  lines,  pairs,  triplets,  etc*,  the  Zeeman 
effect  (1897),  which  was  discovered  after  it  had  been  foretold  by 
Lorentz  on  the  assumption  of  corpuscular  rotation  (1895). 

(d)  The  spectra  of  nebu!®  consist  of  only  a  very  few  lines  and 
these  nebidffi  are  supposed  by  astronomers  to  be  the  **  star  stuff  " 
of  which  the  older  stars  are  formed  by  aggregation.  Moreover, 
it  is  possible,  by  the  use  of  the  instrument  known  as  the  botometert 
to  estimate  the  temperature  of  the  stars.  The  nebula  appear  to 
be  the  hottest  form  of  heavenly  body  and  as  cooler  stars  are  exam* 
ined  the  number  of  spectral  lines  increase  and  the  order  of  their 
appearance  is  approximately  the  order  of  the  atomic  weight  of  the 
terrestrial  elements  showing  the  same  spectra.  Only  the  cooler  stars 
show  the  spectra  of  elements  as  complex  as  carbon.  On  the  basis  of 
a  part  of  this  evidence  Lockyer  had,  as  early  as  1873,  reached  th« 
conclusion  that  chemical  atoms  have  grown  during  the  cooling 
of  the  stars  from  ultra  atomic  gas,  and  further,  that  in  the  hottest 
stars  there  exist  proto  elements.  This  idea  has  been  of  recent 
years  elaborated  by  Nicholson  (1913,  1914)  who,  from  the  study 
of  the  spectra  of  the  nebuliE,  very  hot  stars,  and  the  corona  of  the 
sun,  has  reached  the  conclusion,  based  on  mathematical  calculations 
on  the  assumption  of  charged  electrons,  that  terrestrial  elements 
are  evolution  products  of  simple  ring  systems  consisting  of  positive 
nuclei  and  negative  electrons.  (Vide  Nicholson,  Phil.  Mag,  27< 
p.  541,  and  28,  p.  90.) 

4.    The  most  far-reaching  set  of  facts  tending  to  keep  the 
position  of  the  atom  in  the  minds  of  soientists  is,  of  course,  t) 
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marvelous  traneformations  which  have  been  studied  consequent  upon 
the  discovery  of  the  X-ray  and  of  radioactivity,  (C/.  p.  578  el  seq.) 
On  the  basis,  therefore,  of,  these  facts  and  hypotheses  Harkins 
and  Wilson  (Jour.  Am.  Chem.  Sec,  Vol.  XXXVII,  pp.  1367  and 
1383)  have  recently  advanced  the  rather  startling  conclusion  that 
not  only  are  the  elements  synthetic  products  of  hydrogen  atoms, 
but  that  all  the  elements  belong  to  two  types,  called  even  and  odd 
types,  but  that  the  variations  from  unit  multiples  of  the  atomic 
weights  are  due  to  loss  of  weight  consequent  upon  the  condensation 
of  the  electrons  of  the  hydrogen  atoms.  This  variation  of  mass 
is  calculated  to  be  0.77  per  cent  in  the  formation  of  helium  from  the 
hydrogen  complex.  Succeeding  members  of  the  series  of  atoms  are 
supposed  to  consist  of  hydrogen  and  helium  atoms  as  indicated  in 
the  following  table: 
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There  are  certain  difficulties  with  this  hypothesis  in  that  it 
does  not  carry  through  the  whole  series  of  elements  so  satisfactorily 
as  in  the  elements  cited  above.  Taken,  however,  in  conjunction 
with  the  rather  definitely  established  existence  of  isotopic  elements 
(p.  584)  these  difficulties  may  be  resolved.  Based  upon  it,  however, 
we  have  a  periodic  system  which  has  undoubted  utility  (p.  626 
et  seq,).  Whatever  the  ultimate  fate  of  this  sublimated  form  of 
the  hypothesis  of  Prout  the  situation  seems  to  be  clearly  developed 
that  we  have  in  the  attorns  of  the  elements,  if  they  have  material 
existence  at  all,  not  indivisible  units  of  matter,  as  assumed  by 
Dalton,  but  systems  consisting  of  very  complex  combinations  of 
charged  bodies  (whether  wholly  negative  or  partly  positive  and 
partly  negative  may  not  be  definitely  st-ated).  These  systems 
are  in  certain  cases  not  stable  but  are  decsompostng  at  a  rate  unaf- 


fected  by  known  means.  The  reverse  process  appears  to  be  going 
on  in  the  heavenly  bodies*  Human  means  at  present  are  unable 
to  affect  either  process*  It  is  a  reversible  process  beyond  our 
present  control.  It  may  be  said,  then^  that  science  makes  use  of 
the  conception  of  the  following  imaginary  bodies:  molecules^  atoms, 
electrons,  and  positive  nuclei.  (It  may  be  remarked  that  the 
probability  of  the  real  existence  of  these  bodies  is  in  the  order 
above  given.) 


Siae  of  Molecules^  AtomB^  ElectranSf  and  Nuclei,  —  The 

smallest  particles  which  have  so  far  been  actually  measured  by 
means  of  the  ultramicroscope  are  particles  of  colloidal  gold  which 
were  1.7  fifi  in  diameter  (1  pi^  =  0.000001  millimeter).  Since  froi 
calculations  based  upon  the  kinetic  molecular  hypothesis  it 
estimated  that  a  molecule  of  hydrogen  has  a  diameter  of  0.1  fifi  an 
of  starch  5  /i^  it  may  be  said  that  bodies  the  size  of  a  molecule  may 
yet  be  seen.  Also  based  upon  measurements  of  the  number  of  o 
particles  fjiven  off  by  radium^  which  may  be  counted  by  means  of 
the  spinthariscope  (p.  581)  and  compared  with  the  volume  of 
helium  produced,  Rutherford  has  estimated  that  there  are  2,56  X 
10^'  molecules  of  helium  per  cubic  centimeter.  Perrin  has  esti- 
mated the  number  by  another  method  at  3.15  X  10**  and  Millikan 
as  2.7  X  10*^  Jeans  (Phil.  Mag.  8,  692,  1904)  gives  the  following 
table  of  the  estimates  of  the  diameter  of  molecules  in  ^^: 


^ 

lyi 


Ha 0,208 

H« 0,187 

H^ 0  339 

A 0,279 

OQi 0.336 


CX>.,. 0.286  air. 

CH* .,..  0,387  NO 

N,...,..;....  0.291  Oi 

Nrf> 0.362  CI,. 


0.2S4 
0.292 
0.273 
0  411 


These  values  are  based  on  such  a  variety  of  methods  which  all 
give  results  of  the  same  order  of  magnitude  that  we  may  be  assured 
that  the  size  of  molecules  and  their  relation  to  the  space  occupied  is 
reasonably  correct.  The  numbers  are  of  course  incomprehensibly 
small  and  Mellor  attempts  to  give  them  significance  by  calling 
attention  to  the  fact  that  it  would  take  40,000,000  molecules  of 
air  touching  each  other  to  make  a  row  one  inch  in  length,  but  thai 
if  all  the  molecules  in  a  cubic  inch  of  gas  were  laid  in  a  row  touching' 
each  other  they  would  make  a  row  35,000,000  miles  in  length. 
In  the  monatomic  molecules  the  atoms  and  molecules  are  of  the  same 
dimensions  but  with  the  diatomic  and  polyatomic  molecules  the 
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atoms  are  ordinarily  considered  to  bear  some  such  relation  to  each 
other  3E  the  planets  of  a  solar  system.     The  atoms  must  there- 
fore be  very  much  smaller  than  the  molecules  of  which  they  are 
*'  component  spheres.*'     These  atoms  are   now   by  the  electron 
hypothesis  considered  as  **  made  up  of  systems  of  concentric  ringa 
of  electrons  assembled  within  a  sphere  of  positive  electrification  " 
(Thompson).    Or,  according  to  Rutherford,  "each  atom  is  sup-    ■ 
posed  to  be  made  up  of  a  positively  charged  nucleus  around  which 
rotate  the  negative  electrons."     From  the  behavior  of  a  particles 
when  striking  gold  foil  the  conclusion  has  been  reached  by  Marsden 
that  the  positive  nucleus  of  the  gold  atom  has  a  maximum  diam- 
eter of  3.4  X  10""  cm.  (or  0.000034  mm).     Hydrogen  atoms  have 
a  diameter  of   L7  X  10~"  cm.,  while  the  negative  electron  has 
a  diameter  of  2  X  10""  cm.     These  are  the  maximum  diameters. 
They  may  be  less.     If  all  these  conclusions  are  accepted  at  their 
face  value  it  is  readily  perceived  that  the  actual  matter  of  bodies 
is  nearly  negligible   in  quantity-     Indeed,   Lenard  has   indulged 
himself  in  a  calculation  by  means  of  which  he  reaches  the  conclusion 
that  the  total  matter  of  a  cubic  meter  of  platinum  (density  21.4) 
is  not  greater  than  1  cubic  miUimeter.     If>  however,  we  follow    M 
Kaufman  and  ascribe  the  mass  of  electrons  to  their  motion,  then    ■ 
indeed  if  the  hydrogen  nucleus  is,  as  Rutherford  suggests,  the  posi- 
tive electron,  we  have  resolved  matter  into  energ>'  wholly,  and  an 
atom  and  consequently  all  matter  is,  as  Ostwald  beheves,  energy 
solely.     It  is  not  to  be  understood  from  this  somewhat  cursory 
relegation  of  matter  to  the  limbo  of  non-€xistence  that  anything 
very  serious  has  been  done*    We  are  accustomed  to  expressing  our 
knowledge  of  nature  and  its  changes  in  terms  of  four  fundamental 
concepts,  space,  time,  matter,  and  energ>'.     What  has  happened^ 
therefore,  is  that  this  number  of  concepts  is  reduced  to  three  and 
what  we  know  as  matter  is  but  a  particular  form  of  energy  mani- 
festation.    We  have  not  disturbed  the  molecule  as  the  fundamental 
unit  of  physical  change  nor  the  atom  as  the  unit  of  chemical  reaction. 
Ultimately  this  reduction  to  three  concepts  will  doubtless  result 
in   increased   simplicity   of   formulation   of  scientific   knowledge. 
An  example  of  this  effect  follows. 

Atomic  Numhera.  — In  1913  Laue  (Ann.  Physik,  41,  p.  989) 
discovered  that  when  an  element  is  used  as  an  anticathode  in 
an  X-ray  tube  the  X-rays  produced  were  of  a  wave  length  charac- 
teristic of  the  elemeut  used.    He  and  others  developed  a  method  of 
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obtaining  thtj  spectra  of  these  radiations  using  crystal  surfaces  ib 
lieu  of  the  gratings  used  for  ordinary  light,  Moaeley  (Phil.  Mag. 
26,  1024,  27,  703  (1913  and  1914))  studied  the^e  spectra  photo- 
graphically for  all  the  elements  between  aluminium  and  gold.  He 
found  a  remarkable  relationship  between  the  frequencies  (wave 
lengths)  of  the  K  series  of  radiations.  In  going  from  one  element 
to  the  one  of  next  higher  atomic  weight  the  lines  were  shifted 
toward  the  violet  end  of  the  spectnmi,  i.e.,  the  wave  lengths  were 
lessened.  Indeed,  using  the  formula  V  =  K{N  —  1)*  where  V  = 
wave  length,  K  ^  a,  constant,  and  JV  =  a  number  arbitrarily  chosen, 
there  is  a  constant  increase  in  the  value  of  N  for  each  successive 
element  in  the  periodic  table.  If  now  the  number  N  is  chosen  to 
correspond  to  the  numerical  order  of  the  element  in  the  periodic 
table  for  any  element,  €,g*,  13  for  aluminium,  successive  values  of 
V  are  14  for  silicon,  15  for  phosphorus,  etc,  Moseley  considers  these 
numbers  to  be  proportional  to  the  nuclear  charge  upon  the  atoms 
(Van  den  Broek's  Hypothesis,  Phys,  Zeit,  14,  33  (1913)),  and  pro- 
poses a  periodic  arrangement  of  the  elements  based  upon  these 
numbers,  which  are  called  atomic  numbers.  The  most  interesting 
point  in  this  connection  is  that  if  these  numbers  are  proportional 
to  the  nuclear  charge  it  is  possible  to  have  two  elements  of  the  same 
atomic  weight,  provided  the  nuclear  charge,  i.e.,  the  atomic  nuniber, 
is  different  and  to  have  elements  of  different  atomic  wei^ts 
with  the  same  properties,  chemically  at  least,  provided  the  nu* 
clear  charges  are  the  same.  This  conception  gives,  then^  a  clue 
to  the  reason  for  the  existence  of  isotopes  such  aa  have  be€^  found 
for  lead  (p.  584),  for  the  radioactive  elements  (cf,  p.  582),  and 
another  form  of  neon  reported  by  Aston  (Eng,  96,  423,  1913).  It 
does  not  follow  that  the  isotopes  need  have  identical  ph^^cal 
properties  {cf,  Harkins,  Jour,  Am.  Chem.  Soc,  Vol,  XXXVIXI, 
p.  190), 

The  Periodic  Law,  —  The  outline  of  the  development  of  the 
periodic  law  and  the  table,  or  tables,  of  Mendeleeff  has  been  given 
in  Chapter  XL  That  the  situation  is  in  many  respects  unsatis- 
factory was  pointed  out  (p.  211).  That  such  is  the  case  is  also 
e\idenced  by  the  fact  that  since  1870  at  least  sixty  more  or  less 
different  modes  of  expression  of  the  fundamental  principle  of 
periodicity  have  been  published  {cf.  Friend,  Text-book  of  Inor- 
ganic Chemistry,  VoL  1,  p.  276).  That  so  many  efforts  have 
been  made  is  also  to  be  taken  as  evidence  of  the  importance  and 
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of  the  desirabiltty  of  a  more  satisfactory  system  of  classification. 
The  introduction  of  the  electron  hypothesis  of  the  structure  of 
the  atom  and  the  Moseley  atomic  numbers,  coupled  with  the 
evidence  in  favor  of  inorganic  evolution,  have  led  to  a  new  crop 
of  periodic  systems  which  take  the  atomic  numbers,  and  infer- 
entially  the  nuclear  charge,  as  the  fundamental  property.  The 
most  ambitious  of  these  is  that  of  W.  D.  Harkins  of  the  Univer- 
Bity  of  Chica^  (Jour.  Am.  Chem.  Soc,  Vol,  37,  p.  169  (q.v)). 
The  table  is  in  the  form  of  a  helix  in  space  (Fig,  137),  or  as  a 
spiral  on  a  plane  (Fig.  138).  The  advantages  claimed  for  this 
means  of  expression  of  the  law,  which  perhaps  should  now  read 
the  properties  of  the  elements  are  a  periodic  function  of  their 
atomic  numbers,  are  as  follows:  (1)  The  relation  between  main 
and  sub-groups  are  graphically  and  correctly  shown;  (2)  the 
table  arranges  the  elements  in  the  exact  order  of  atomic  numl^ers 
and  gives  no  blanks  where  corresponding  blanks  do  not  occur 
in  the  atomic  numbers  as  shown  by  the  X-ray  spectra  of  the 
dementa;  (3)  it  plots  the  atomic  weights  so  that  isotopes  may 
be  ahown;  (4)  both  the  0  and  8th  groups  fit  naturally  into  the 
eyitem;  (5)  the  valence,  the  general  chemical  pro|>ertie9.  the 
density,  the  melting  points,  etc.,  are  all  appropriately  related 
to  the  table.  It  wiU  be  observed  that  if  this  table  correctly 
represents  the  situation  there  are  yet  to  be  discovered,  in 
this  system,  five  elements,  three  in  group  seven,  ekamanganese  I 
(at.  wt.  99),  ekamanganese  II  (at.  wt.  188),  ekaiodine  (at.  wt. 
219),  one  in  group  I,  ekacaesium  (at.  wt.  about  225),  one  rare 
earth  called  ekaneodymiura  (at.  wt.  146).  These,  with  the 
known  elements,  make  a  total  of  92.  In  addition  to  these  we 
may  have,  as  claimed  by  Nicholson,  from  a  study  of  the  spectra 
of  the  stars,  a  group  of  elements  outside  this  system.  These 
are  called  by  Nicholson  (Phil.  Mag.  22,  541,  28,  90),  protohy- 
drogen,  nebulium,  protofluorine  (or  coronium),  and  arconium. 
Their  existence  is  problematical.  There  may  also  be  elements 
of  greater  atomic  weight  than  uranium,  but  no  indications  of 
such  are  at  hand  and  the  instability  of  the  last  cycle  prompts 
the  suggestion  that  they  do  not  occur. 

The  Theories  of  Valency,  —  What  may  be  considered  the 
fact  of  valency  is  that  the  atomic  weights  of  the  elements  have 
different  combining  capacities*  When  measured  in  terms  of 
hydrogen  we  have  seen  that  the  elements  show  a  valence  range 
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of  from  one  to  eight.  There  have  been  many  attempts  to  eiplain 
this  relation.  Reference  has  been  made  to  some  of  these  in 
previous  pages  (cf,  p,  615  and  p.  617).  The  view  of  Abegg, 
which  was  developed  from  chemical  considerations,  is  that  every 
element  possesses  a  valence  of  eight  and  that  this  total  is  made 
of  both  negative  and  positive  factcjra.  (This  suggestion  was 
first  made  by  Mendeleefif.)  The  valence  type  ordinarily  mani- 
fested by  an  element  is  called  its  normal  valence  while  the  re* 
maining  valence  is  called  its  contra*valence.  The  normal  valence 
is  the  stronger  and  is  positive  for  metals,  and  negative  for  non* 
metals.  Only  in  the  case  of  the  eighth  group  is  the  maximum 
valence  ever  operative  in  a  single  compound.  This  assumption 
accounts  for  positive  valence  of  chlorine,  etc.,  in  their  oxygen 
compounds  and  for  the  behavior  of  chlorine  in  nitrogen  chloride 
(cf.  p.  270),  and  many  very  interesting  reactions.  It  docs  not, 
however,  offer  any  explanation  of  why  these  valencies  exist.  With 
the  development  of  the  electron  hypothesis  there  has  come  an 
explanation  which  is  perhaps  already  to  be  considered  the  ortho- 
dox theory  of  valency.  The  fundamental  suggestion  was  first 
made  by  J.  J.  Thompson  in  1903.  When  atoms  are  regarded 
as  complexes  of  negative  electrons  surrounding  a  nuclear  positive 
charge  the  number  of  electrons  must  be  constant  as  long  as  the 
atom  remains  neutral.  If,  however,  one  or  more  negative  elec- 
trons leave  an  atom  it  become  positively  charged  and  is  thus 
capable  of  attracting  negatively  charged  bodies.  Electronegi^* 
tive  elements  are  those  the  atoms  of  which  may  assume  negative 
electrons,  while  electropositive  elements  are  those  capable  of 
losing  negative  electrons.  Chemical  combinations  are  a  r^ult 
of  the  attraction  between  these  *'  ionised  "  atoms.  There  is  a 
veritable  flood  of  hypotheses  concerning  the  relation  of  the  elec- 
trons when  the  elements  are  free  and  also  with  respect  to  their 
relation  to  the  atoms  of  compounds.  A  summary  of  some  of 
these  is  found  in  Mellor*s  Modern  Inorganic  Chemistiy  (p.  864 
ei  seq.)^  It  may  be  remarked  that  there  is  a  very  marked  dis- 
proportion bet\veen  conjecture  and  experimental  data.  At  pres- 
ent the  chief  apparent  value  of  the  elei^tronic  conception  of  valence 
lies  in  the  simple  relation  it  expresses  between  oxidation  and 
reduction.  There  is  the  possibility  that  it  may  also  furnish  a 
simpler  mode  of  classification  of  chemical  facts  (see  Nelson  and 
Falk,  Jour.  Am.  Chem.  Soc,  Vol.  37,  p.  274).  The  value  of  the 
suggestions  of  Nelson  have  not  yet  been  demonstrated. 
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Conclusion, —  The  survey  of  the  field  of  chemistry  which  is" 
the  purpose  of  the  preceding  pages  is  now  finished.  That  it  is 
not  really  complete  the  writer  knows  full  well.  If,  however,  the 
reader  who  has  had  the  courage  and  persistence  to  follow  through 
to  this  point  shall  feel  that  he  has  had  a  glimpse  of  a  6eld  of 
human  knowledge  which  leaves  him  with  a  desire  for  a  more 
intimate  acquaintiince  the  time  spent  will  have  been  far  from 
wasted.  If  in  addition  to  this  the  method  of  presentation  shall 
have  developed  or  increased  the  habit  and  facility  in  the  use  of 
the  scientific  method  an  additional  benefit  will  have  been  gained. 
If^  further,  the  reader  has  a  clearer  grasp  of  the  great  principles 
of  science  as  illustrated  by  chemical  facts,  a  clearer  conception 
of  the  relation  of  fact  to  hypothesis,  a  better  conception  of  the 
use  of  imagination  in  science,  a  more  comprehensive  view  of  the  _ 
interrelatedness  of  nature  and  an  increased  admiration  for  it-a  ■ 
beauty  he  will  be  indeed  profited.  All  the^e  the  writer  hopes 
may  have  accrued  to  the  reader.  The  facts  of  chemistry  pre- 
sented are  of  necessity  only  a  small  fragment  of  the  whole.  It 
is  hoped  and  believed  that  they  are  as  accurate  as  our  present 
state  of  knowledge  permits.  The  hypotheses  have  been  stated 
in  outline  as  clearly  as  possible  and  so  far  as  possible  without 
dogmatic  assertion.  The  student  is  urged  to  obey  the  injunction 
of  the  Great  Apostle  and  **  prove  all  things;  hold  fast  that  which 
is  good/'  and  also,  to  *'  stand  fast  and  hold  the  traditions  which 
ye  have  been  taught/'  knowing  that  by  the  use  of  hypotbeees 
we  build  the  structure  of  science  and  that  they  are  not  the  chief  J 
object  of  its  consideration. 

The  primal  purpose  of  scientific  study  is  to  obtain  increased 
control  over,  or  knowledge  of,  nature's  processes^  so  that  we  may 
be  better  able  to  solve  the  problems  of  life  whether  of  material 
or  spiritual  character.  The  thing,  then,  of  fundamental  impor- 
tance is  Truth.     ''  Exalt  her  and  she  shall  promote  ttiee/' 
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IV.  8p«dile  GrtTity  and  Melting  Point  of  the  Elements 
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)  Diamond . . 
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)  Amorphous 
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Specific 
giavity. 


2.60 

6.62 

6.73 

3.76 

9.8 

2.6 

3.16 

8.64 

1.88 

1.68 


Mdtinc 


664.6 
426-460 


86 
268.3 

(?) 
-7.3 
316 

26.6 
760 


3.62 

2.3 

1.8 

6.68 

623 

6.60 

1616 

8.6 

1800 

8.93 

1064 

6.96 

30.15 

6.47 

900 

1.93 

900  (?) 

19.32 

1035 

7.42 

176 

4.95 

113n5 

22.42 

2200 

7.86 

1587 

6.1 

(?) 

11.37 

822 

0.69 

180 

Elemwat. 


Magnesium 

Manganese 

Mercuryr 

Molybdenum  — 

Nickel 

Osmium 

Palladium 

Phosphorus 

Platinum 

Potassium 

Rhodium 

Rubidium 

Ruthenium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur: 

(a)  Rhombic... 

(b)  Monoclinic 

Tellurium 

Thallium 

Titanium 

Tin 

Tun^ten 

Uranium 

Vanadium 

Zinc 


Specific 
sravity. 


Melting 


632.6 

1900 

-38.85 

w.  h. 
1460 
2600 
1600 

44.2 
1779 

68 
2000 

38.5 
1800  (?) 
217 

(?) 
964 
95.6 
(?) 

114.5 
120 
452 
290 

(?) 

232.7 

2900  (?) 

w.  h. 

(?) 

415.3 
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V.   Energy,  Power»  tad  Pressure  Onitfl 

10,000,000  ergs  ^  I  joule. 

1  cat  =  4.187  joules. 

1  B.t,u.  =  1055  joules  =  262  cal. 

1  foot  pound  =^  1.356  joules  *  0.3240  cal. 

1  horse  power  ^  33,000  foot  pounds  per  minute. 

1  borse  power  «  746  watts. 

1  watt  =  10,000»000  ergs  =  1  joule  per  second. 

1  atmosphere  =  760  mm.  of  mercury  per  aq,  cm, 

1  atmosphere  ^  1033  g.  per  sq.  cm.  ^  14.696  lbs.  per  sq. 


in. 


VL   Percentage  Composition  of  Certain  Alloys 

It  is  to  be  noted  thAt  alloys  vary  oon^en^ly  in  oompoaitiou.    Hie  vak 
given  are  but  approximate. 


Brass 

Bronze  (for  bearings) 

BroQse  (art  bronse) 

Gun  metal 

Babbitt , 

Babbitt , 

Soft  solder ....,, 

Plumber's  solder 

Rose's  metal ...... 

Car-box  metal 

Type  metal. 

Stereotype  metal .,,..,, 

White  metal  (very  variable) . . 

Wood's  metal , ,  * . 

German  silver 

Nickel  coin,  0.8 , 

Silver  coin,  U.  8 

Gold  coin,  U.  S 

Mognalium 

TungBten  steel 


Ctt,  63-72;  Zn,  27-^34. 
Cu,  66-70;  Pb,  0.3-05;  Zn,  33.7-20.5. 
Cu,  82;  Sn,  16;  Zn,  2. 
Cu,  82.7;  Sn,  4.7;  Pb,  9.8;  Zn,  l.a 
Cu,  91;  Sn,  9, 

Cu,  1.5;  Sn,  45^;  Pb,  40;  8b,  la, 
Cu,  1;  Sn,  19;  Pb,  5;  Zn,  69;  Sb,  3. 
Sn,  50;  Pb,  50. 
Sn»33.3;  Pb,  66.7, 
Sn,  22.9;  Pb,  27.1;  Bi,  50. 
Pb,  84.3;  Zn,  0.7;  Sb,  14.4;  Fe,  0,6, 
Sn,3;  Pb,82;  Sb,  15. 
Cu,  2;  Sn,  10;  Pb,  70;  Sb,  18. 
Cu,  2.4;  8n.  63;  Pb,  33;  Zn,  1;  Sb,  10^ 
Sn,  14;  Pb,  24;  Bi,  50;  Cd,  12. 
Cu,  57;  Zn,  19;  Ni,  24. 
Cu,  75;  Ni,  25, 
Ag,90;  Cu,  10. 
Au,  90;  Cu,  10. 
Al,  90;  Mg,  10. 
C,  2-1.3;    Si,  0.15-0-5;    Mn,  0,6-2; 
0-1.0;  W,  1-3;  V,  2;  Fe,  92-97. 
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m.  Coadncthrity  of  Metals  in  Mho^fl  (Eac^focal  Ohmi)  per  Centimeter  Cobe 

etcr 


Aluminium 38 

Antimony 2 

Arsenic 2 

Lead 5 

Cadmium 14 

Caesium 5 

Calcium  (20*) 9 

Chromium 38 

Iron 9 

Pig  iron 1 

Gallium 1 

Gold 44 

Indium 11 

Iridium 14 

Cobalt  (20*) 10 

Copper....  ^ 

Litiiium 11 


2  X  10*  Manganese 18. 

6X10*  Magnesium 23 

0  X  10*  Sodium 22. 

1  XIO*  Nickel 14. 

4  XIO*  Osmium  (20^) 10. 

.18X10*  Palladium 9. 

.5X10*  Platinum 8. 

.5  XIO*  Mereury 1. 

.36X10*  Rhodium 21. 

.02X10*  Rubidium 8. 

.87X10*  Silver 67. 

.5  XIO*  Smcon 1. 

.95X  10*  Strontiuib  (20"*).  . .    4. 

.3X10*  Thallium 5. 

XIO*  Bismuth 0 

.4  XIO*  Tin 8 

.7  XIO*  Zine 17 


2-22.7X10* 

2  XIO* 
XtO* 
XIO* 
XIO* 
XIO* 
XIO* 

063X10* 

3  XIO* 
XIO* 
XIO* 
XIO* 
XIO* 
XIO* 
XIO* 
XIO* 
XIO* 


6 

2 

7 

03 

56 

92 

7 


INDEX 


Absolute  temperature  toal^  84 
Acetic  add.  361 
Acetone,  363 
Acetylene  aeries,  345 
Acids,  53 

character,  126 

definition.  177 

and  metals,  55 

and  moist  air,  125,  158 

stren^^th,  124,  179 

Actino-chemistry,  441 

Affinity,  and  maximum  work,  541 

and  reversible  ehanges,  67 

constant 

Albumen,  nitrogen  in,  258 
Alcohol,  ordinary,  358 
Alcohols,  356 
Alcoholatee,  454 
Aldehydes,  350 
Alkali,  fixed,  400 

metals,  420 

origin  of  term,  177 

volatile,  400 

Alkaloids,  367 

Allotropic,  forms  of  iron,  500 

forms  of  tin,  548 

modifications,  200 

Allotropy,  308 

Alloys,  com]X)8itioii  of2634 

definition  of,  387 

Alpha  rays,  581 
Aluminium,  alloys,  520 

carbide,  526 

family,  517 

halides,  521 

history,  517 

occurrence,  517 

oxide,  528 

—  pasnve,  519 

—  preparation,  518 
I>roperties,  518 

silicates,  525 

sulfate,  524 

sulfides,  526 

uses,  510 

Alimu,  524 


Alunite,  524 
Alundum,  327,  524 


Amalgamation  process,  431,  486 
Amines,  367 
Ammino,  salts,  618 
Ammonia,  history,  263 

occurrence,  262 

pf  crystallisation,  266 

prqMtfation,  263 

properties,  265 

refrigeration,  265 

synthesis,  133,  264 

uses,  260 

Ammonite,  418 
Ammonium.  267 

amalgam,  415 

carbonate,  418 

chloride,  416 

dissodation,  164 

haUdes^417 

hydroxide,  415 

-equilibrium,  268 


-  nitrate,  418 

-  nitrite,  250 
-salto,418 

-stability,  268 


sflicate,268 

sulfate,  418 

sulfides,  417 

Ampere,  definition,  170,  403 
Amphoteric  substances,  183 
Analytical  groups,  306 
Analytical  reactions: 

Group  I,  420,  430 

.. Group  II,  466,  480 

Angstrom  units,  441 
Anuine  dves,  367 
Anode,  168 
Antimonic  add,  315 
Antimony,  halides,  315 

history,  313 

occurrence,  313 

oxides,  815 

preparation.  314 

properties,  314 

314 


687 


638 


INDEX 


Aqua  ammonia,  263 

Aqua  regia,  127 

Aqueous  Bolullong,  aGtivity  of,  184 

Aqueous  teoflion,  78 

Argon f  atomic  weight,  277 

familyi  275 

Anthmettcal  calculations,  21 
Atrheoius'  hypothesb,  171 

objections  to,  186 

Araeoic  add,  311 
Arsenic,  halidee^  310 

history,  307 

occurrence,  307 

— —  oxidi^^,  310 

preparation,  308 

properties,  308 

—  suJfidcfl,  312 

— —usee,  309 
Araeoiouji  acid,  311 
Araine^  309 
Aabc^toB,  371 
Asphalt.  343 
Atmoflpherc,  272 

carbon  dioxide  in,  273 

easential  factors,  272 

non^esBential  factors,  274 

oxygen  in,  25,  272 

Atomic  disintegration,  582 

hypothesig,  100 

numbers,  025 

structure,  584,  621 

volume,  420 

-- — weights,  101,  107 

exact.  104 

of  noble  gase«,  278 

renhty  of;  106 

relation      to      equivalent 

weights,  17 

— selection,  103 

table  of,  inside  back  cover 

Atoms,  siie  of,  824 

Auer  metal,  531 

Avogadro's  hypothesis,  9t,  161 

Babbitt  metal,  634 
Baking  powder,  408,  526 
Banum,  462 

chloride,  463 

~  oxides,  30,  89,  463 

— —  sulfate,  464 
Barometer,  correctiona,  35,  632 
BiMS,  53 

definitioa,  177 

BaMoI  process,  409 


Beads,  borax,  380 

microcosmio,  305 

Beckman  thermometer,  16S 

Becquerel  rava,  580 

Bengal  saltpeter,  283 

Bensene,  341 

Benzoic  acid,  361 

Beryllium,  488 

Berzelius*  hypothesis,  615 

Beasemer  prooesa,  598 

Beta  raya,  581 

Birkeland-Eyde  process,  260,  285 ' 

Bismuth,  compounds,  317 

hifltorj',  316 

~  occurrence,  316 

^  oxychloride,  318 

preparation,.  310 

- —  properties,  317 

subnitrste*  318 

sulfide,  318 

-usee,  317 

Bivariant  sj-ateros,  251 
Blast  furnace  gaaes,  348 
Bleaching,  193 

—  powder  191.  454 

aulf  ur  aioxioe,  22d 

Blue  prints,  607 
Body,  definition  of,  7 
Boiler  scale,  473 
Boiling  point,  78,  80,  165 
Borax,  379 
Borax  glass,  380 
Boric  acid,  378 
Boron,  hiatory,  377 

occurrence,  etc.,  377 

Boyle's  law,  158 

Brass,  oompooition  of,  634 

Brick,  377 

Brio's  process,  30,  137 

Britannia  metal,  314 

Bromic  acid,  201 

Bromine,  occurrence,  141 

— -  preparation,  etc.,  144 
Brorao  seltzer,  366 
Bromoua  acid,  201 
Bronze.  634 

age,  423 

Bucher's  process,  339 


Cadmium,  compounda^  481 

copper  separation,  482 

history,  480 

preparation  and  UMt^  480  ' 

Caesium,  419 


k    ■ 

WDEX 

C&loiuro,  carbonate,  457 

Catalylic  ag^ta  and  equilibriunij 
Catalvtere,  30 

vapor  icnsioiu,  ^no 

chloride,  hydrates,  453 

Cathode,  168 

cvananiide,  260 

rays,  678 

haUdes,  462 

Caves,  formation  of,  331 

1          historvi  451 

■     - —  hydrides  452 

OiUulo8e,366 

Cerium,  561 

■    hvdroxidea,  456 

Chamber  process,  233 

■     nitride,  452 

Charles'  law,  160 

^P     occurrence,  450 

^     ^o«de»»,  454 

Chemical  action  at  a  distaaoe^  61 

— --  phosphates,  460 
phoHphide,  452 

Goange,  o 

junoB  oi,  o 

— ^  preparation,  451 

Chemistry,  limits  of,  2 

[ propertiea,  452 

Chile  saltpeter.  258,  283 

m     -»alte,  462 

Chloric  acid,  198 

■     fiulfate,  458 

Chloride  accumulator,  512 

sulfides,  459 

Chlorides^  in  blood,  113 

um,  462 

Chloriiiatiou  process,  436 

Caliche,  142 

Chlorine,  compounds,  122 

Calomel,  4S4 

dioxide,  195 

Calorie,  43.  77.  538 

heptoxide,  199 

Calorimeter,  44,  537 

history,  113 

Canal  rays,  580 
Carat,  321 

^  hydrate,  119 

liquefaction,  118 

Carbidee,  335 

monoxide,  196 

Carbohydrateflp  364 

^occurrence,  113 

Carbonado,  321 

preparation,  114 

^■Carbon,  amorphous,  321 

properties,  117 

^k    com  pounds,  33S 

usee,  121 

H    cycle,  332 

■    dioxide,  328 

Chloroform,  366                  ^^ 

Chlorouaadd,  196             ^M 

Chromic  add,  669               ^^H 

^^ in  air,  273 

Chromic  anhydride,  572            V 

Chromic  salts,  567  ■ 
Chromium,  acids,  669                ■ 

liquid  and  snow,  330 

stabihty,  331 

^^  disulfide,  335 

oocurrence^  666       ^^H 

family,  320 

ua»,567                 ^H 

halide*,  340 

Chromous  salts,  567            ^^H 

monoxide,  333 

Classification,  25                       ■ 

occurrence,  320 

of  elementa,  206,  629      ■ 

preparation,  323 

properties^  325 

Coal,  composition,  322               ■ 

distillation,  344               ■ 

—  tctrachlonde,  336 

gas,  348                          ■ 

use«,  327 

nMural  forma.  321         ■ 

Cobalt,  ammincs,  620                ■ 

Carbonates,  occurrttnce,  323 

Carbonic  acid,  328 

and  nickel,  608                H 

equihbrium,  330 

Carbonyls,  334 

compounds,  610             ■ 

Carbox  metal,  634 

Coina.634                                M 

Carolinium,  627 

Cdke,  327                           ^H 

Castner's  process,  411 

Cold  light.  446                   ^H 

Cftstner-Kellner  prooew,  405 

storage,  266             ^^M 

Cast  iron,  ft02 

Columbium,  665                  ^^H 

Catalysis.  30,  56,  232,  139 

Combining  weighta,  15        ^^H 

^^^ 

^^^^^^B 
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INDEX                                        ^^^1 

^H    Combustion,  40 

Dewar  flaaki,  280                         ^^| 

^H    Complex  rathioim,  389 

Diamonds,  325                               ^^^H 

^H    Compound,  definition*  13 
^H    Coaceatratioii  cc?lld,  391,  500 

Diffusion,  law  of,  60                       ^^H 

Dilutoincter,  217                              ^^^| 

^"        influoiice  of,  138,  498 

Diaplaoement  cella,  495                  ^^H 

Conductance,  506 

aeries,  390                          ^^H 

Conductivity  of  metale,  635 

Ddbereiner's  triads,  205                 ^^H 

Cooduotofs,  165 

Double  aalts,  389                              ^^H 

Conseryation  of  mass,  10,  623 

Dr>^  ceils,  417                                   ^^M 

Contact  action,  65 

Dualistic  tijcoo%  015                       ^^M 

Contact  prooesfl,  231 

Dillon^  and  PeUt,  law  of,  108             M 

Continuity,  law  of.  88 

Dust,  m  air,  274                             ^^H 
Dutch  process,  558                          ^^^| 

Coordination  numDera,  617 

1^^    Copperas,  60S 

^^^H 

^B    Copper,  blister,  425 

^H 

^m       carbonate.  429 

Ediaon  ceU,  513                               ^^M 

^H       cooipounds,  429 

Efflorescence,  82                              ^^^| 

Eka-aluminiumi  210                       ^^^| 

H        halides,  427 

iodine,  627                          ^^H 

H        hiatory,  423 

mangant^^e,  209,  627          ^^H 

H        matte,  425 

silicon,  210                           ^^B 

^^^1        nitroxylp  295 

Electrical,  meaBuremeats,  493              H 

^m        occurrence,  423 

heat,  385                              ^^M 

■        oxides,  428 

—  relations,  492                       ^^H 

■         poled,  425 

Electricity,  on  ions,  172                  ^^H 

^m        preparation,  424 

Electrochemical  analyais,  SOS         ^^^| 
Electrochemistry,  492                     ^^B 

^H         properties,  426 

H        uses,  427 

Electrode  potentials,  497                 ^^H 

^B    Corroeive  sublimate,  485 

Electropkting,  506                          ^^B 
Electrolysis,  166                              ^^B 

^     Corunduni,  523 

Cottrell  prooeas,  410 

explanation,  170                 ^^H 

Coulomb,  f  he,  170 

'  process  of,  168                     ^^H 

Electmlytea,  167                                     ■ 

C^ulometere,  502 

Couples,  501 

Electromotive  series,  55,  56,  3^          ■ 

Cream  of  tartar,  315,  366 

Electron  bypotheaiB,  578                        ■ 

Elect  rons,  sise  of,  624                       ^^B 

Crbco,  362 

Cryohydrat<»,  253 

Elements,  alchemistic,  3                 ^^H 

Cryolite  proce^,  407 

sristotelian,  3                      ^^H 

Crystal  Hvetcmij,  215 
CuUinan  tliamond,  321 

—  atomic  weights,^  103            ^^H 

oonoeption  of,  3                   ^^^M 

Cupellation  process,  437 

definition,  3                         ^^^H 

Current  tlenaily^  505 

— —  number  of,  4,  627                ^^B 

Cyanarnide,  338 

rare,  382                               ^^B 

Cyanide  procefls,  430,  436 

relative  quantitiea,  5,  52          V 

Cyanidesr  preparation,  337 
Cyanogen,  337 

vs.  simple  substances,  530  ^^B 

Emanations  or  radium,  582           ^^H 

D. 

Enamel  paints,  477                           ^^^| 

Endoelectrical  relations.  501            ^^B 
Endothermic  chan§;ea,  42,  536             ^| 

Dalton^B,  atomic  bTOothesee,  100 
law  of  partial  pressurea,  87 

Energy,  chemical,  42                       _^^B 

DeoompoBition,  8 

— —  definition,  41                       ^^H 

potential,  392,  503 

factors,  77                         ^^H 

Decrepitation,  404 

quantities,  43                 ^^^^B 

Definite  prop<^rtion8,  12,  14 

— -—  relations,  41                     ^^^^B 

Deliquescence,  82 

uniU,  634                       ^^^M 

Density  of  gasee,  59 

Epaom  salts,  472                      ^^^H 
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Equations,  20 

energy,  639 

makine,  31,  37,  149 

molecular,  107 

Equilibrium,  130,  133 

and  temperature^  138 

heterogeneouB,  136 

homogcneouB,  133 

in  electrolytes,  173 

Equivalent  conductance,  607 

Equivalent  weights,  16 

Esters,  362 

Ether,  360 

Ethylene  series,  345 

Eudiometer,  295 

Eutectic  mixtures,  253 

Everlastmg  pills,  314 

Exchange,  9 

Exothermic  changoi,  42,  536 

Explanation^  meaning  of,  27 

Explosive  mixtures,  352 

F. 

Fact,  definition,  8 
Faraday.  170,  502 
Faraday's  laws,  167 
FaUj  362 

Fchhng's  solution,  429 
Fermentation,  365 
Ferric  acid,  606 
Ferromanganese,  587 
Fertilizers,  460 
Fireproofing  fabrics,  562 
Fixed  alkaU,  400 
Flame,  350 

colorations,  421 

Fluorescence,  453 
Fluorine,  203 

occurrence,  141 

preparation,  143 

properties,  145 

Flux,  384 

Formic  acid,  334,  360 

Formulae,  19 

making,  38 

molecular,  107 

Formulative  hypotheses,  95 
Fourth  group,  547 
Fourth  state  of  matter,  578 
Fowler's  solution.  311 
Fractional  crystallisation,  86,  197 
Freezing  mixtures,  255 
Freezing  point,  162,  166 
Fructose,  364  ' 

Fuels,  353 


Fuller's  earth,  371 
Fulminating  silver,  434 
Furnace  products,  596 
Fusible  metals,  317 


GaUium,  210,  532 
Galvanized  iron,  476 
Gamma  rays,  581 
Gangue,  384 
Gas,  constants,  281 

definition  of,  59 

laws,  33 

measurement,  33 

Gases,  fuel,  348 

illuminitting,  348 

solubility  of,  61 

Gasoline,  343 

Gayley,  dry  air  process,  595 
Gay-Lussac's  law,  74.  102 
Germanium,  210,  547 
German  silver,  610,  634 
Glass,  374 

colored,  376 

cut,  375 

plate,  375 

Glucose,  364 

Gold,  compounds,  438 

history,  435 

occurrence,  435 

preparation,  436 

properties,  437 

uses,  438 

Goldschmidt  proce^385,  519 
Gn4>hic.  formuls,  200 

illustration,  252 

Graphite,  crudbles,  327 

occurrence,  321 

preparation,  324 

Group  I,  400,  423 

11,450,468 

111,517 

IV,  547 

y,  VI,  564 

VII,  586 

VIII,  592 

Guncotton,  289 
Gun  metal,  634 
Gunpowder,  413 

explosion  of,  297 

H. 

Haber*s  process,  285 
Half-penod,  137 
Hall's  imoeH,  618 


642 


INDEX 


H&logeti^  acidfly  pre|mration,  147 

propeitieBf  151 

uses,  153 

deriv&tiTCB 

familXi  141 

history,  142 

hydrioes,  147 

oceurrenoe,  141 

of  hydrocarbons,  355 

oxygen  actdsi  190 

preparation,  143 

propertica,  144 

saJU,  154 

UBOB,  147 

Hfu-d  steels,  508 

ICarktns'  penodio  table,  628 

He^Lt  of  combustion,  45 

of  decDmpoaitioQf  45 

of  formation,  45, 152,  638, 546 

fftctors  of ^  536 

from  radium,  584 

of  ionization,  543 

^of  neutralization,  179,  542 

— —  of  Holulion,  544 
Helium,  276 
Henry'B  law,  87 

Heterogeneous  equilibrium,  136 
Homogeneous  ec^uilibrium,  134 
Homoloffoua  series,  345 
Howard  s  process,  413 
Hydrates,  82,  254 

acidj  153 

of  mtric  acid,  285 

Hydrate  theory,  526 
Hydration  of  ions,  511 
Hydrazine,  269 
Hydrazoic  acid,  269 
Hydrimli*?  acid^  148 
Hydrobromic  acid,  148 
Hydrocarbon,  derivatives,  355 

occurrence,  341 

preparation,  344 

properties,  345 

series,  340,  345 

uses,  348 

Hydrochloric  acid,  123,  128 

chemical  propertiee,  126 

history,  122 

occurrent^,  122 

ph3rBicftl  properties,  125 

solubility,  125 

Hydrofluoboric  acid,  378 
Hydrofluoric  acid,  148 
Hydrog:ei,  374 
Hydrogen,  chemical  properties,  62 

compounds,  68 


Hydrogen,  balides,  147 

history,  53 

in  air,  274 

occurrence,  52 

peroxide,  89 

physical  jpropertisi,  W 

preparatiOQii  53 

purification,  58 

reduction  by,  64 

— —  sulfide,  occurraice,  220 

—  preparatuni,  220 

properties,  221 

uses,  68  ' 

Hydrolysis,  81,  120,  124,  182,  307,  345 
Hydrosol.  374 
Hydroxides,  395 
Hydrox>'acids,  365 
Hydroxylamine,  269 
Hypo  243 

Hypobromous  acid,  201 
Hypochlorous  acid,  121,  131,  190, 
H>'poiodous  acid,  201 
Hyponitrous  acid,  291 
Hypophosphorous  acid,  306 
Hyposulfurous  acid,  240 
Hypotheses,  nature  of.lOO 
Hypothesis,  atomic,  100 

Avogiidro'8,  99,  161 

Ber2<*Uufl',  615 

electronic,  578 

kinetic-molecular,  94,  M 

of  Arrhenius,  171 

of  Le  Bel  and  Van't  Hoff, 

of  Lockyer,  622 

of  Nemst^  495 

of  Prout,  621 

Remsen's  double  hsiide,  521 

of  Vant  Hoff,  161 

of  Werner,  615 
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Indicators,  180 

Indium,  532 

Infinite  liilution,  609 

Inorganic  evolution,  621 

Intensity  of  fixation  of  ions,  504 

lotramolecular  rearrangement,  10,  339 

Invar,  610 

Iodic  acid,  201 

Iodine,  dissociation  of,  145 

occurrence,  141 

preparation,  144 

properti€»,  145 

Iodoform,  356 

Ionic,  (X>nductivities,  511 

relations  of  the  metain, 


Ilonic,  velocities,  510 
lloiii»ation»  and  electrolyflia,  172 

—  degree  of,  174,  176 

—  heat  of,  543 

—  hypotheaig,  171 
,  168 

— —  bydratioD  of,  511 

■  migmtion  of,  509 

■  mobmtiea  of,  511 
'^Iridium.  614 

Iron,  alloys,  600 

cyanides,  806 

haUdes,  604 

- — -  history.  693 

hydroxides,  606 

occurrence,  592 

^—  oxides,  605 

preparation,  594 

— —  propertitjs,  599 

refining,  596 

sttlfidefl,  607 

—  iisefl^  603 
Isodlmorphiam,  479 

IlfioroeriBm,  S47,  552 
of  chromium  compounda,  668 
-^  of  platinum  ammrnee,  619 
Isomorphism,  478 
Iflotopes,  583,  584,  626 
J. 
Javille  water,  191 
_  Joule,  43,  493,  634 


Kaolin,  371 

Ketonefl,  363 

Kindling  temperature,  40 

Kinetic-molerular  hypotheais,  94,  96 

Kr}T>ton,  276 

I  ^ 

Labarraque'B  solution*  191 
Lactic  acid^  365 
Lampblack,  328 
I^ntDanum,  531 
Lopk  lazuli,  526 
Latent  heat,  of  fusion,  79 

— ^  of  vaporiiation,  79 
Lavobier'B  deEnition  of  elemeatA,  4 
Law,  definition  of,  8 

—  of  Boyle,  33,  158 

of  Charles,  34,  160 

of  combining  weigh ta,  15 

of  oonBervation  of  maaa,  10 

— —  of  conatant  heat  eummation,  639 

^of  continuity,  88 


Law,  of  definite  proportiooa,  12,  14, 
683 

of  diffusion,  60 

of  Dulong  and  Petit,  lOS 

^  of  Faraday,  167 

of  freesing  point  lowering,  162 

of  Gay-Luasac,  74 

of  Henry,  87 

of  Heaa,  539 

of    heterogeneous   equilibrium, 

136 

of    homogeneous    equilibrium, 

135 
~  of  bomorphism,  479,  623 

of  Lavoisier  and  La  Place,  538 

of  Le  Chatelier,  139,  542 

— — ■  of  maximum  work,  541 

of  Mendelp<?fr,  208 

of  Mitscherbch,  109,  525 

of  mobile  equilibrium,  138 

of  multiple  proportions,  14 

of  neutralization,  542 

of  Ohm,  170 

— of  oemo«is,  158 

of  partial  pressures,  87 

^ofRaoult,  164.  165 

of  thermoneulralitv,  542 

of  transformation  by  stepfl,  542 

periodic,  621 

Lead,  acetate,  559 

arsenates,  559 

carbonates.  558 

halides,  555 

history,  553 

isotopias,  565 

nitrate,  559 

— —  oceurrenee,  553 

oxides,  556 

pencils,  327 

—  preparation,  553 

properties,  554 

sulfate,  559 

sulfide,  559 

Le  Bftl  and  Van't  Hoflf's  hypothesis,  366 

Le  Blanc  process,  123,  405 

Le  Chatelier  *9  theorem,  251 

Life  term  of  elements,  685 

Light,  and  chemical  change,  446 

bv  chemical  action,  444 

electric,  efficiency  of,  575 

—  infra  red,  442 

tempejature  relations,  442 

— ■ —  ultra  violet,  442 
Lime,  455 
Limeti^it,  63 
Liquation,  314 
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^1       Liciue/a€tion,  of  chlorine.  118 

Men^urv,  naei^  48i                     ^^H 
Meta  elemMiH  §»>                    ^H 

Metalloids,  382                              ^^H 

■           of  gaaes,  277,  279 

^H      Liqtiid,  air,  278 

^H          ammonia^  206 

Met^a,  382                                    ^^M 

^B      Litharg:c,  556 

acidic  oxides,  388            ^^H 

and  baaea^  57                   ^^H 

^M       Lithium,  419 

^H       Lithopono,  ISO 

and  water,  54                   ^^^H 

^H       Lockycr  8  hypothcaifli  622 

oompounda,  394               ^^^| 

conductivity,  387             ^^^H 

^H       Luckow  process,  559 

^H       LumiuouK  paints,  298 

balidc^,  388                      ^^H 

H       Lye,  410 

hydroxides,  395                 ^^^| 

H 

in           "1^118,388            ^^H 

-^u                 luta,  387           ^^H 

^B       Magnalium,  520^  634 

Oil  1  tAj  11  in-t->  383                  ^^^^1 

^H       Magnesia,  alba»  471 

oxides,  388, 394                 ^^M 

^B           iista,  471 

preparation,  384                ^^^| 

^H      Mfl^eeiiim,  basic  carbooates,  472 

properties,  386                    ^^H 

^1          hxiLides,  470 

^H         history,  468 

—— purification,  5(Xi                ^^H 

specmc  gravity,  oo/         ^^^^M 
use^,  393                            ^^H 

^H hydroxide,  471 

^H          occurrence",  468 

Metaphoflphoric  acid,  303             ^^B 

^H oxide,  471 

Metaatable  equilibrium,  252              ^M 

^H         preparation,  46© 

Metastannic  acid,  552                   ^^^| 

^H          properties,  469 

Metathesis,  9                                  ^^H 

^B          —^  salts,  475 

Methane  seri^,  345                  ^    ^^^| 

H          sulfate,  472 

Metric  system,  632                      ^^M 

^H           ^—  uses,  470 

Microcosmic  beads,  305               ^^^H 

^m     Magnetite,  605 

Microns,  441                                  ^^^| 

^H      Manganese,  alloys,  587 

Migration  of  ioua,  509                 ^^^| 

^m         dioxide,  588 

Mineral  forms,  384                       ^^H 

^H         hL*^to^>^  586 

agate,  369                        ^^M 

~  akbaster,  45 1                   ^^M 

^V          occurrenoe,  586 

^m           properties,  586 

albite,  370, 517                  ^^1 

^H       Manganic  acid,  588 

allanite,  528                      ^^H 

^H       Manganic  compmuncb,  587 

aluuite,  517                      ^^H 

^m      Manganm,  587 

anasta^ie,  560                    ^^H 

^H      MaiiEanous  compoutidB^  587 
^1      Marab  ga^,  341 

andeaite,  553                   ^^H 

— -anhydrite,  450                   ^^M 

H      Marsh's  test,  309 

apatite,  141,  297»  451         ^H 

^P       Massicot,  557 

^■^      Mass,  loss  of,  623 

arsenite,  3U/                      ^^H 

;             Matches,  301 

araenopyrite,  307              ^^H 

ji            Matter,  definition,  3 

— -  asbeetoa,  370                   ^^H 

^K       Maxima  iii  curves,  254 

axurite,  423                      ^^H 

^H       MeaRureriient  of  heat,  536 

barite,  462                        ^H 

^m       Melting  point  of  dements,  6Sd 

^m      MendeTecff's  law,  20S 

bauxite,  517                     ^^^1 

bervl,  488                         ^^M 

B       Mercury,  cyanide«»  487 
■           —  halides,  484 

'biotite,  370                        ^^H 

bismuth  glance,  316         ^^H 

^ft          —  history,  482 

bismuth  ochcr,  3l(V          ^^H 

borax,  377 ,  402                  ^^H 

^B         occurrence,  482 

^m         oxides,  486 

bomit«,  213, 423               ^^M 

^H          preparation,  483 

—  borocitc,  377                      ^^M 

^H         properties,  483 

braunite,  586                      ^^H 

H          aalt^,  488 

brookite,  560                      ^^H 

^■^  sulfidee,  487 

calamine,  475                     ^^H 
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Mineral  forms,  caldte,  460 

caliche.  142 

camallite.  408,410 

cartiotite,  466, 678 

casait<*ntP^  547 

cclestite^  462 

cerite,  528 

cpruawtc,  563 

chalcedony^  369 

chalcocite^  213^  428 

chaJcopynte,  213^  423 

chalk,  450 

Chile  laltpet^r,  258, 402 

chromit*,  566 

chrome  oclire,  660 

chryaoberyl^  488 

emnfthar,  482 

cUy,  370 

clevite,  676 

c^l,  3^20      ■ 

cobalt  ^ance,  609 

oolmamtc,  377 

columbrte,  565 

coprolit^^  297 

corundum^  517 

erocoite,  553, 666 

eryoUte,  141,402,617 

cuprite,  423 

diamond.  320 

dojs  tooth  spar,  450 

dolamiti;,  im,  468 

epidote,  369 

epaomitej  213 

mnt,  369 

fluorspar,  14L  451 

f ranklinite,  475 

gttdolinit^,  527 

iralena,  213,  430,  663 

garnet,  369,  617 

Kanuerite,  609 

Glaubor'B  ml  La,  213 

graphite,  320 

grwnockite,  480 

piwiim,  213,  450 

haeisifltite,  592 

hau^stnanite,  5^6 

hornblende,  370 

horn  sOver,  430 

Iceland  spar,  460 

ilmenite.  660 

iron  pyntee,  213,  698 

jaspar,  369 

kaolin,  370,  617 

kupfer  nickel.  609 

lepidolite,  419  / 

leudtei  370 


Mineral  forms,  liineBtonei  26, 

limonite,  692 

magneeite,  468  , 

magnetite,  692 

malachite,  423 

-^^  manganese  spar,  686 
— —  manmnite,  686 

marble,  460 

marcamte,  693 

marl,  460 

meerchatiixi^  468 

melaconite,  423 

—  meteorite^  592 

mie*,  370,  410,617 

millerite,  609 

misptckel,  307 

monante,  628 

muscovite,  370 

nickel  glance,  609 

olivine,  369 

onyx,  369,  460 

opai,  369 

—  orpiment^  213,  307 
orthoclase,  370,  410,  61 

pet  aft  te,  419 


phanacitc,  488 

phcisphorit^,  297,  461 

pitchbleiidn,  464,  676 

pyrargsrhte,  430 

pyrolusite,  686 

pyroxene,  370 

quartz,  369 

realgar,  213,  307 

rubv,  617 

rutue,  660 

eal  ammoniac,  263 

eamarakitei  576 

sandaioae,  369 

sapphire,  617 

satin  spar,  450 

seheelite,  451,  674 

seJenite,  451 

Berpentine,  370,  458 

Bidcdte,  592 

Bmaltit«,  609 

smitbsonite,  475 

Boapst-one,  468 

Bphilerite,  475 

stalactite,  450 

stalaffmite,  450 

*tihn)*p   213,  313 

strontianite,  462 

sulfur,  213 

sylvanite,  436 

sylvite.  410 

— —  tachyoiite,  451 
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Minend  forms,  talc,  370,  468 

NeutralisatioD^  179                        ^^M 

tftntjUite,  6^ 

Newlands  octaves,  205                 ^^H 

thenarditd,  408 

Newton's  metal,  317                     ^H 

thorite,  561 

Nickel  and  cobalt,  608                  ^H 

tincol,  377 

Nickel,  carbonyl,  009                    ^H 

titanite.  560 

tourmaline,  370 

compounds,  610                 ^^B 

pink  compound^,  611             ■ 

tripolitc,  369 

Niobium.  565                                    M 

—  trona,  402 

Niton,  277,  582                                ^M 

*      turquoise.  517 

ulexite,  377 

Nitre  farms,  283                             ^H 

Nitric  acid,  284                             ^M 

vanadinite,  554 

occUTPenre,  283                   ^H 

— —  viyianj  te,  297 

oxidizing  action.  288        ^H 

preparation,  284                 ^H 

properties,  286                   ^^M 

wiUQnuie,  4fQ 

Wl%tUCli%iVf   VjA 

wolframite,  574 

uses,  2R9                             ^M 

wulfenite,  653 

Nitric  oxide,  287.  291                     ^H 

jewEte,  370 

Nitrites,  290                                    ^H 

«iiic  blende^  213 

Nitro-compoundfi,  2S8                   ^^| 

sine  spinel,  475 

Nitrogen,  cycle,  261                        ^M 

aircon,  369;  560 

history,  259                          M 

Minima  in  curves,  254 

hydrocarbon  detivmtnreB»  ^tS 

Minium,  557 

monatomic,  260                         J 

Mitscht^rlicb'a  law,  479 

occurrence,  25S                         J 

Mixed  compounds,  363 

oxides,  290                                 1 

Mixed  metal,  530 

peroxide,  287,  293,  2SM     _J 

Mixtures,  13 

preparation,  259                 ^^1 

Mobilities  of  ions.  511 
Molar  eolutiona,  88 

— —  properties,  260                    ^H 

tetroxide,  294                      ^H 

MolecutaTr  compoundd,  416 

trioxide,  267                         ^M 

equations,  107 

usee,  261                              ^H 

m        formula*,  107 

Nitroglvcerme,  289,  298                ^M 
Nitroeyl-ferrous  suKaie,  606        ^H 

■        weights,  99,  163 

■ exact,  105 

Nitrous,  acid,  290                            ^H 
anhydnde,  287,  266           ^M 

' oxide,  291                              ^M 

Nitroxyl,  oopper,  29$                     ^H 
Noble  gaaes,  ^77                             ^H 

V                                          fnnfifir     l(\(\     A^it 

■    Moleeules,  si«e,  624 

■      Molybdenum,  573 

Molvbdic  acid,  573 

Nomenclature  of  Acada,  IM          ^H 

Moiiel  metal.  610 

Non-metals,  382                              ^H 

Monomolecular  reactioni,  137 

Non-variant  systems,  250             ^^| 

Mordant,  551 

Normal  acids^  203                           ^^1 

Mortar,  457 

Normal  aolutioofl,  88                     ^^| 

Mosaic  gold,  553 

Nuclei,  624                                    ^H 

Muriatic  acidp  114,  123 

^H 

i 

Occlusion,  61                                  ^^| 

by  carbon,  326                   ^H 

Ohm's  law,  170                               ^H 

Nawent  state,  65 

Ohm,  the,  170                                ^H 

Natural  gaa,  348 

Oil  gas,  348                                    ^H 

Nature  of  radiations,  581 

Oil  of  vitnol,  231                            ^H 

Nebula?,  spectra  of,  622 

Open  hearth  prooen,  596               ^^| 

Negatives,  447 

Ores,  384                                        ^H 

Nemst's  h>T>othe8is,  495 

Organic,  acids,  360                          ^H 

■    Nemst's  lamp,  561 

^S^^^M^^ 
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Orthoc&rbonic  acid»  337 

Petroleum,  distillatioii,  342                 i 

Oamic  acid,  613 

origin,  342 

Osmmrn,  613 

Pharaoh's  serpents,  488 

Osmotic  pressure,  156 

aonormal  values,  164 

Phase  rule,  237,  250 

Phenol,  357 

histor)^  157 

Philippium,  527                                    ( 

laws  of,  158 

Philosopher's  wool,  476 

modifications  of  lawB,  162 

Phlogiston,  26                                      j 

Ovtwald's  law  of   trangfortnation  by 

Phosgene,  119 

steps,  542 
Overvoltage,  505 

Phosphates,  297 

Phosphine,  302 

Oxalte  acid,  361 

Phosphorescence,  297,  445 

Oxidation  and  reduction^  228 

Photq^horic  acid.  304 

^ ceils,  513 

Fbospborous  acid,  306 

series,  516 

Ftophorus,  ailotropic  fonzui,  290 
— —  halides,  306 
history,  297 

vaiciic«  cnaiige,  oio 

Oiddeo,  dwsseB  of,  37 

noroeDclature,  47 

occurrence,  297 

~  of  nitrogen,  290 

— —  pentoxide,  304 

>         of  phoBphoruB^  303 
Oxygen,  25 

preparation,  298 

properties,  299 

chemicAl  propertiee,  35 

compounoa,  46 

^  red,  300 

seiquisulfide,  301 

derivativea    of    bydrocarbona, 

trioxidc,  303,  305 

356 

uses,  300 

hifltory.  26 

Photochemical  absorption,  446 

occurrence,  25 

Photography,  447                                 , 

phjrsical  properties,  31 

Physical,  chai^pe,  6 

preparation,  28 

properties,  10 

solubility,  33 

Picric  acid,  288                                     < 

uses,  45 

Plant*  cell,  612 

Oiokerite,  343 

Plaster,  457                                          ' 

Oxone,  30 

Plaster  of  paris,  459 

Ofione,  propertiet,  47 

Platinum,  ammines,  618 

history,  612 

P. 

metals,  611 

us«i,  614 

PaJan  ware,  513 

Polarisation,  498.  603                          J 

PalladiAim,  613 

Polychromic  acid,  570                        1 

Paper,  ailing  of,  624 
Paraffine,  343 

Polysilicates,  370                                 1 

PolysulfidM,  225                                  ^ 
Polythionates,  243                               f\ 

Paris  green,  430 

Passive  metals,  601 
Patio  proce«e,  431 

Pblyvariant  mtems,  251 

Pofoekm,  376                                    . 

Perchloric  acid.  198 

Potaadum.  bichromate,  571 

Perchromic  acid,  572 

Periodic  acid,  203 

cshlorate,  197 

Periodic  law,  lOft,  621,  626 

Periodic  system,  207 

ferrocyanide,  606 

^defects,  211 

halidea,4U                             ^ 

hydride,  411 

*Harkin8\629 

hydroxide,  413 

Permanganic  acid,  589 

hypophosphite,  302 

Permutite,  474 

mtfate,  413 

Persulfuric  acid,  241 

nitrite,  414 

Fetroleum,  342 

—  occurrsooe,  410 

m^^^^^i 
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Fotaesium^  oxid^,  412 

Binman's  green,  478                        ^^^H 

^m      permanganate,  590 

Hittmau'0  procesB,  347                       ^^^| 
m>chelle  salts,  367                             ^^M 

^B prepaxationj  410 

^H     —properties,  411 

Rocks,  370                                         ^^M 

■      BftltA,  414 

Rose'B  metal,  634                             ^^H 

■  Pottery,  376 

Roufe,  605                                        ^^M 

'        Precipitation  pressure*  496 
Principle  of  Li  Chatelier,  541 

Rubidium,  419                                   ^^H 

Ruthenium,  612                               ^^H 

Principle  of  maximum  work^  S4t 

^^^^M 

Printing,  photographic^  448 

^^M 

^  Producer  gas,  348,  595 

^H  Properties,  ehemiciLli  7 

8al  ammoniac,  263                           ^^^| 

H      ►  physical,  7 

Salts,  detnition,  181                          ^^H 

Prout'a  hypothesis,  621 

formation,  181                        ^^^H 

Pruflsiates  of  potash,  606 

metal,  395                              ^^H 

Puddling  furnace,  597 

aotubility  rules,  396              ^^^H 

Purple  of  Caasiua,  437 

solubility  table,  Wl             ^^M 

Pyroantimonates,  316 

Sand,  371                                         ^^B 

I^ophoflphoric  acid,  305 

Saponification,  363                            ^^^1 

L  Pyroeulfuric  acid,  240 

Scandium,  531                                   ^^^H 

■ 

Seheele,  27,  142                                   ^^M 

W                           Q. 

Scheele's  green,  430                          ^^H 

Schlippe's  salt,  316                           ^^H 

Qnantiticfl  of  eoerKy.  43 
Quantity  factor  oi  electricity^  500 

Science,  abstract,  1                          ^^^1 

cUssilication,  2                    ^^H 

Quartz,  371 

~  concrete,  1                             ^^^H 

QuiLrt2  glass,  374 

definition,  1                           ^^^1 

Sciences,  relationship,  1                     ^^H 
S^dlitz  powders,  366                         ^^M 

R. 

Selenium,  246                                            H 

Radiant  energy,  441 

Semipermeable  membranes,  155        ^^M 

Riuliuactive  subetances,  580 

Sherardizing  process,  476                  ^^H 

Radioactivity,  578 

SiUca,  373                                         ^^M 

theory  of,  582 

Silic&ne,  372                                    ^H 

Rafiium,  occurrence,  464 

Silicates,  uses,  371                          ^^M 

preparation^  464 

Silidc  acid,  373                                ^^H 

Rare  earths,  530 

Silicon,  compounds,  373                    ^^^| 
haiides,  373                            ^^M 

^_  Rare  mctabi  527 

H     hiBtory,  528 

history,  37 1                           ^^H 

^m     occurrence,  527 

^1     preparation,  52S 

preparation,  372                   ^^^1 

^P     propertied,  530 

^      relationahipB,  533 

Silver,  alloys,  433                             ^^M 

Rate  of  reaction  and  tempieraturet  40 

halides,  433                           ^H 

Red  phosphorus,  300 

history.  430                          ^^M 

Red  precipitate,  486 

hydroxide,  434                     ^^B 

'        Reduction,  64 

mtrate,  435                           ^^H 

by  carbon,  384 

occurrence,  430                     ^^H 

by  metaLs,  385 

1            electroKlic  (see  oxidation),  385 

1         Refrigeration,  266 

oxides,  434                            ^^^M 

preparation,  430                   ^^^1 

properties,  432                      ^^^H 

ReniBcn's  double  holido  hypothesiflj  521 

-salts,  435                              ^^M 

Residual  current »  503 

uses,  433                               ^^M 

^        Reversible,  cells,  512 

Single  potentials,  496                        ^^^H 

reactions,  67,  130 

SmeUing  process,  silver^  431             ^^H 

L  Rhodium,  613 

Soap,  363                                          ^H 
1        -.           ^^^^^^^^^B 
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Soda,  ash,  406 

water,  330 

Sodium,  carbonates,  406 

chloride,  132,  403 

compounds,  403 

cyanide,  409 

history^  402 

hydroxide,  406 

occurrence,  401 

oxide,  404 

peroxide,  404 

phosphates,  409 

preparation,  402 

properties,  402 

sulfates,  408 

sulfites.  409 

uses,  403 

Soft  solder,  634 
Soft  steel,  597 
Soil  formation.  370 
SolubiUty,  table,  397 
Solute,  83 
Solution,  83 

heat  of,  644 

of  liauids,  87 

of  solids,  84 

temperature  effect,  84 

tension,  496 

theory,  161 

Solutions,  14 

measures  of,  87 

supersaturated,  86 

Solvay  process,  406 
Solvent,  83 
Special  steels.  604 
Specific,  conauctanoe,  506 

gravity  of  dements,  688 

heat,  43 

heat  ratio,  484 

Spectra,  bright  line,  443 

dark  line,  444 

Spectroscope,  442 
Spectrum,  442 
Speed  of  reactions,  137,  161 
Spelter,  475 
Spiegeleisen,  587 
Spinels,  523 
Spinthariscope,  581 
Standard  cell,  499 
Steel,  602 

Stereo-formula,  366 
Stereotype  metal,  634 
Stibine,  314 

Stochastic  hyi>othese6,  06 
Storage  batteries,  612 
Stronthun,  462 


Structural,  formuls,  199,  243,  295 

of  sulfur  compounds,  245 

Structure,  boric  add,  379 

phosphoric  add,  304 

Sub-group  A,  Group  V,  564 

Group  VI,  564 

Group  VII,  586 

Sublimation,  144 
Sub-oxides,  556 
Substance,  definition,  7 
Substitution,  120 
Sugar,  364 

beet.  364 

Sulfates,  240 

Sulfide,  groups,  228 

Sulfides  of  pnosphonis,  907 

Sulfites,  229 

Sulfur,  amorphous,  218 

chemical  properties,  218 

dioxide,  225 

history,  225 

preparation,  226 

properties,  226 


-uses,  230 


family,  213 

history,  213 

in  Louisiana,  214 

milk  of,  218 

occurrence,  213 

preparation,  214 

properties,  215 

rhombic,  217 

the  ^up,  247 

trioxide, 

occurrence,  230 

•  properties,  235 


uses,  219 

Sulfuric  add,  freesing  points,  256 

history,  231 

hydrates,  237 

Nordhausen,  231 

occurrence,  230 

preparationjJS31 

properties,  236 

uses,  239 

Sulfurous  add,  228 
Supersaturated  solutions,  253 
Symbiosis,  261 
Symbols,  18 
Synthesis,  9 

T. 

Talc,  371 
Tantalum,  565 
Tartar  emetic,  315 
TisrUrie  aoid,  M6 


Tautomeriam,  338 

Taylor's  prooeae,  396 

Tellurium,  246 

Tempr^rature  and  eauLUbriumr  138 

— —  and  heat  of  tarmation,  645 

iDfluence  on  potential,  499 

TbalUum,  533 
Thenard's  bkie,  611 
Theorem  of  he  Chatelier,  139 
Theory  of,  atomic  struct ure«  584 

-radioactivity,  582 

-solution,  161 

valency,  627 

Thermite,  519 
Thermochemistry,  536 

— —  lumineftcenoe,  444 
Thermometer.  77 
Thermos  bottles,  380 
Tbioantimonates,  316 
Thioarsenic  acid.  313 
Thiofiuif uric  acid,  242 
Thorium,  661 

Threshold  temperature,  443 
Tin,  allovH,  550 

(usease,  549 

hahdes,  550 

history,  548 

* — -hydroxides,  651 

occurrence,  547 

oxides,  551 

— -plat«,  549 

preparation,  548 

properties,  548 

— -*  sulndes,  552 

usee,  549 

Titanium,  660 
Toning,  449 
Tribolumineocenoe,  445 
TungBten,  574 

bronzes,  575 

compounds,  576 

steel,  634 

usee,  574 

Type  metal,  314,  634 
Types  of  change,  5 

U. 

Uniti  of  measure,  electricity,  169 
Univari&nt  systema,  251 
Uranium,  576 


ValiDoo.  65,  106 

oonfcra,  630 

definition,  66 


Valence,  Kekule*a  view,  416,  616 

normal,  630 

poaitive  and  negative,  270 

relatioas,  392 

VaJency,  thc<»r>'  of,  627 
Vanadio  acid,  565 
Vanadium.  564 
Van*t  Hoff,  157 

law  of  mobile  equilibtiuxD,  138 

solution  hypotbeais,  161 

Vapor  pressure  of  watefi  632 

- — —  tension,  78 
Venetian  red,  605 
VerdiRriij,  430 
Vitriols,  479 
Voltaic  c^Ub,  391,  494 

pile,  493 

Von  Kugelen  process,  462 

W. 

Water,  70 

addition  products,  81 

analysis,  72 

oompoaitron  of  seA,  72 

decomposition,  80 

disinfection,  74 

— —  distillation,  76 

electrolysis,  29 

gas,  348 

gases  in,  71 


ga£  volumes  from,  73 

nuncral,  71 

occurrencse,  70 

of  constitution,  81 

of  crystallisation,  82 

phy;srcal  properties,  7§ 

* — —  punScation,  74 

purity  in  nature,  70 

sedimentation,  74 

softening,  473 

*-^  specific  gravity,  76 

specific  heat,  77 

synthesis,  72 

uses,  89 

vapor,  correction  for,  34 

vapor,  prcaaure,  632 

Watt,  the,  170 

Waxes,  362 

Wpldon*9  process,  116 

Welsbach  mantle,  561 

Werner's  hypotheaa,  616 

Weston  cell,  499 

Whit«  leftd,  558 

White  metal,  634 

Wood,  oompoaitioD,  322 
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Wood,  distillation,  3^ 
pulp  plaster,  467 
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Zinc,  <«*on**«»J7^.A 
granulated,  470 

haUde8,477 
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17.  for :  "  mtroua  aside  **  md :  "  mtric  oskie  " 
Line  18.  for :  **  nitric  onde**  read :  **  mtrofen  peroxide  '* 
Line  18.  for :  **  of  one  of  "  read :  ** of  ooe" 
Line  3.  for :  "H.O**  leftd:  "SH.O" 
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